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OPIUM ADDICTION 

VI THE ErrECTS OF ABRUPT WITHDRAWAL FOLLOWED BY READMINIS- 
TRATION OF MORPHINE IN HUMAN ADDICTS, WITH SPECIAL 
REFERENCE TO THE COMPOSITION OF THE BLOOD, 

THE CIRCULATION AND THE METABOLISM 

ARTHUR B LIGHT, MD 

AND 

EDWARD G TORRANCE, MD 

PHILADELPHIA 

Continuing our studies on a series of male opium addicts, we wish 
to repoit the results obtained when the moiphme administered to supply 
the patients’ needs was abruptly withdiawn These results include 
studies made at three hour intervals foi a twenty-foui hour period fol- 
lowing the last administration of morphine and another series of lesults 
obtained when the drug had been stopped for forty-eight hours Fol- 
lowing the studies at the close of the forty-eight houi period, morphine 
was again administeied to allay all suffeimg and again the same 
observations and studies weie made 

EXPERIMENTAL PROCEDURE 

Two separate methods of approach weie used in the study of 
changes hi ought about by the abrupt withdrawal of morphine which 
was being administered to supply the addict’s need One group was 
studied at intervals of three houis following the last admmisti ation of 
the drug, in four cases the studies were earned ovei a period of 
twenty-foui houis Another gioup of ten patients was studied imme- 
diately following the administration of the legular scheduled dosage, and 
the studies were then discontinued except for obseivations on the 
behavior until the end of a foity-eight houi withdiawal peiiod, when 
the same studies weie again made just before and aftei morphine was 
given again to allay all symptoms 

Only foul of the eight patients selected in the fiist group weie 
studied ovei periods of thiee houi inteivals for twenty-four hours 


Submitted for publication, March 5, 1929 
* From the Narcotic Wards of the Philadelphia General Hospital 
' Expenses of this research were defrayed by the Committee on Drug Addic- 
tions, New York City, and were carried out under the guidance of the Philadelphia 
Committee for the Clinical Study of Opium Addiction, m the wards of the 
Philadelphia General Hospital which were placed at our disposal through the 
courtesy of the Director of Public Health, Clt^ of Philadelphia 
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The behavioi and cooperation of the others were not conducive to 
accurate observations No food was given during this period The 
addicts weie always requiied to remain in bed for a period of one-half 
hour before any studies were made 

Figures showing the pulse and respiiation rates aie the aveiage of 
a five minute count The figures for the blood pressure weie obtained 
from as many patients as it was possible to measuie the blood piessure 
of accuratel}' within a five minute period, followed by a recoid of tem- 
peratures taken both by mouth and by rectum When these observations 
were finished the basal metabolic late was determined with Krogh’s 
apparatus for recording basal metabolism, following which a sample of 
blood was drawn from a vein at the elbow At the end of each penod, 
the subject passed a sample of urine 

The procedure in the study of the group in which the drug was 
abiuptly withdrawn for a period of forty-eight hours was quite similar 
Following the administi ation of the last regular scheduled amount of 
morphine in the morning, the subjects immediately reclined in bed with- 
out breakfast and observations were made on circulation and respira- 
tion, and a sample of blood was taken after a rest period of half an hour 
The subjects then resumed the standing position for a period of five 
minutes, and observations were made A sample of blood was taken 
for analysis, and following this the addicts weie subjected to the stair- 
case climbing test which we have described in detail in another paper ^ 
Except for observations concerning their conduct and remarks, further 
studies were not made until the completion of the withdiawal period 
Food was allowed during the first thirty-six hours of this period, but 
in no cases was any taken at the expii ation of the first twenty-four 
hours At the end of the withdrawal period the addicts were again 
requested to recline, and the same observations were conducted blood 
was drawn and the staircase climbing tests were again earned out 

With the completion of these observations and studies, the addicts 
were given sufficient morphine to supply their needs As soon as they 
professed to feel normal the same studies, including the drawing of the 
blood and the staircase climbing tests, were again carried out 

RESULTS 

In table 1 we have tabulated the highest, lowest and average figures 
of the determinations and observations, together with the number of 
cases studied at three hour intervals for a period of twenty-four hours 
following the abrupt withdrawal of morphine The word “basal” m 
the table indicates the results obtained immediately following the last 
injection 

1 Light, A B , and Torrance, E G Opium Addiction III The Circula- 
tion and Respiration of Human Addicts During the Administration of Morphine, 
Arch Int Med 43 556 (April) 1929 



Table 1 —Studies of Human Opium Addicts at Thee Horn Intel vals foi a Penod 
of Twenty-Fow Homs Follozmng the Withdiawal of Moiphnc 


Pulse 

Ro cases 

Basal 

S 

3d 

Hour 

8 

6th 

Hour 

8 


Highest 

80 

76 

78 


Lowest 

68 

57 

53 


Average 

68 

62 

64 

Blood 

No cases 

8 

8 

8 

pressure 

Highest 

125/84 

119/79 

120/84 

while 

Lowest 

103/65 

105/60 

103/61 

reclining 

Average 

116/74 

114/70 

114/71 

Respira- 

No cases 

8 

S 

8 

tions 

Highest 

18 

15 

15 


Lowest 

11 

11 

10 


Average 

14 

13 

13 

Tempera- 

No cases 

8 

8 

8 

ture by 

Highest 

98 8 

987 

98 7 

mouth 

Lowest 

97 3 

97 6 

972 


Average 

98 4 

984 

98 2 

Rectal 

No cases 

8 

8 

8 

tempera- 

Highest 

996 

99 4 

997 

ture 

Lov est 

98 0 

98 7 

980 


Ai erage 

992 

991 

992 

Hemo 

No cases 

8 

8 

6 

globin 

Highest 

19 8 

191 

20 3 


Lowest 

14 1 

10 8 

13 2 


Average 

15 8 

15 5 

16 2 

Erj thro 

No cases 

8 

8 

7 

evtes 

Highest 

4,940 

5,000 

5,680 


Lowest 

3,850 

3,910 

3,850 


Average 

4,527 

4,506 

4,517 

Leukocytes 

No cases 

S 

8 

7 


Highest 

15,400 

14,600 

15,600 


Lowest 

4,000 

5,600 

7,800 


Average 

8,980 

9,888 

10,771 

Polymor- 

No cases 

8 

8 

8 

phonu- 

Highest 

77 

79 

74 

clears 

Lowest 

48 

48 

51 


Average 

61 

61 

61 

Lympho- 

No cases 

8 

8 

8 

cytes 

Highest 

46 

44 

43 


Lowest 

19 

18 

19 


Average 

33 

33 

33 

Large 

No cases 

8 

8 

8 

mono- 

Highest 

6 

6 

8 

nuclears 

Lowest 

2 

3 

1 


Average 

41/2 

4 

41/2 

Eosino- 

No cases 

8 

8 

8 

phils 

Highest 

3 

5 

4 


Lowest 

0 

0 

0 


Average 

1 

2 

1 

Basophils 

No cases 

8 

0 

8 


Highest 

2 

0 

1 


Lowest 

1 

0 

0 


Average 

V2 

0 

% 

Urea 

No cases 

4 

4 

4 


Highest 

12 

13 

13 


Lowest 

8 

8 

9 


Average 

10 

10 

11 

Sugar 

No cases 

8 

8 

8 


Highest 

107 

111 

113 


Lowest 

60 

83 

78 


Average 

86 

94 

91 

Creatinine 

No eases 

4 

1 

4 


Highest 

125 

131 

12 


Lowest 

1 085 

1145 

111 


Average 

1145 

1 24 

117 


9th 

12th 

15th 

18th 

21st 

24th 

Hour 

Hour 

Hour 

Hour 

Hour 

Hour 

5 

5 

5 

4 

4 

4 

76 

74 

73 

75 

78 

80 

61 

55 

63 

60 

57 

67 

68 

64 

66 

69 

70 

74 

5 

5 

5 

4 

4 

4 

130/78 

130/85 

135/82 

118/71 

112/69 

118/72 

107/60 

104/gI 

108/63 

101/59 

101/58 

106/66 

316/69 

112/70 

118/71 

110/67 

107/65 

112/69 

5 

5 

5 

4 

4 

4 

23 

22 

18 

16 

16 

15 

12 

11 

12 

9 

9 

10 

17 

15 

15 

13 

12 

13 

5 

5 

5 

4 

4 

4 

990 

991 

994 

99 0 

996 

101 1 

981 

98 4 

93 5 

986 

98 8 

99 2 

98 5 

98 6 

98 9 

93 8 

990 

99 7 

5 

5 

5 

4 

4 

4 

996 

99 7 

998 

999 

100 6 

101 9 

98 7 

98 9 

98 8 

994 

99 6 

999 

992 

994 

99 3 

996 

100 0 

100 7 

3 

4 

4 

4 

4 

4 

15 9 

161 

16 5 

18 6 

18 2 

17 9 

93 

12 9 

112 

15 6 

12 6 

16 2 

12 3 

14 6 

14 6 

17 2 

15 9 

17 3 

5 

3 

5 

4 

4 

4 

4,865 

4,740 

4,870 

5,010 

5,360 

5,050 

3,910 

4,630 

4,600 

4,230 

4,240 

4,100 

4,621 

4,490 

4,718 

4,547 

4,747 

4,515 

5 

3 

5 

4 

4 

4 

9,400 

8,800 

11,200 

11,400 

11,500 

12,900 

7,300 

7,000 

7,200 

10,400 

10,400 

9,000 

8,020 

7,800 

9,700 

10,925 

10,825 

11,125 

4 

3 

5 

4 

4 

4 

66 

59 

69 

73 

76 

77 

46 

53 

55 

67 

65 

72 

58 

67 

63 

69 

70 

75 

4 

3 

5 

4 

4 

4 

42 

41 

39 

27 

30 

24 

28 

34 

21 

23 

19 

18 

34 

36 

30 

25 

24 

20 

4 

3 

5 

4 

4 

4 

9 

6 

6 

5 

7 

5 

5 

3 

3 

4 

3 

4 

6 

4 

6 

5 

5 

4y. 

4 

3 

5 

4 

4 

4 

6 

3 

2 

2 

2 

1 

0 

2 

1 

0 

0 

0 

2 

2 

1 

1 

1 

Va 

0 

3 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

2 

2 

2 

4 

4 

4 

10 

10 

10 

15 

13 

17 

10 

9 

8 

10 

10 

9 

10 

95 

9 

115 

11 

11 5 

4 

4 

4 

4 

4 

4 

107 

93 

100 

107 

111 

109 

63 

69 

76 

SO 

89 

100 

84 

81 

86 

91 

100 

105 

2 

2 

2 

4 

4 

4 

ll^' 

108 

12 

1 55 

1 58 

15 

105 

107 

118 

103 

107 

1 08 

108 

1075 

119 

128 

132 

1 28 
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Table 1 — Studies of Human Opium Addicts at Thiee Houi Intel vals foi a Peiiod 
of Twcniy-Fon? Homs Following the Withdtawal of Mot plane — Continued 





3d 

6th 

9th 

12th 

15th 

18th 

21st 

24th 



Basal 

Hour 

Hour 

Hour 

Hour 

Hour 

Hour 

Hour 

Hour 

Oaleimn 

No cases 

4 

4 

4 

2 

2 

2 

4 

3 

4 


Highest 

10 46 

10 97 

10 82 

10 50 

10 8 

10 4 

10 48 

10 38 

1163 


Lowest 

9 84 

923 

912 

9 03 

9 45 

963 

999 

653 

990 


Average 

1015 

10 22 

999 

9 76 

1012 

1001 

1019 

8 47 

10 72 

Magnesium 

No cases 

2 

2 





3 

3 

3 


Highest 

212 

2 08 





184 

198 

180 


Lowest 

206 

20 





164 

146 

150 


Average 

209 

204 





175 

164 

161 

Specific 

No cases 

S 

6 

8 

4 

3 

4 

4 

3 

4 

gravity- 

Highest 

10282 

10277 

10296 

102S7 

10281 

10284 

10283 

10287 

102931 

plasma 

Lowest 

10238 

10238 

10238 

10239 

10243 

10239 

10247 

10249 

102576 


Average 

10261 

10256 

10263 

10263 

10257 

10264 

1 0261 

1 0262 

102687 

Protein, 

No cases 

8 

7 

8 

4 

3 

4 

4 

4 

4 

per cent 

Highest 

8 32 

9 

928 

866 

8 31 

866 

825 

860 

877 


Lowest 

691 

6 

6 57 

6 51 

6 62 

6 57 

7 09 

7 03 

703 


Average 

781 

7 65 

786 

785 

758 

788 

765 

7 80 

7 94 

Conduc 

No eases 

8 

7 

8 

4 

3 

4 

4 

4 

4 

tivity 

Highest 

143 

148 

139 2 

139 

137 6 

137 2 

147 0 

144 4 

147 0 


Lowest 

130 

133 

133 6 

136 

133 0 

135 0 

142 6 

138 4 

140 2 


Average 

1361 

137 6 

135 4 

137 2 

135 4 

136 0 

1441 

142 4 

143 3 

Basal 

No cases 

6 

6 

6 

4 

3 

3 

4 

4 

4 

metabolism 

Highest 

20 

14 

19 

11 

6 

24 

14 

14 

36 


Lowest 

—6 

—12 

2 

6 

—1 

8 

—9 

—9 

12 


Average 

6 

2 

8 

8 

2 

14 

5 

5 

22 


There was a slight average use in the pulse rate and a slight fall 
in the systolic pressure The average red blood cell count remained 
practically the same with a slight increase m the hemoglobin A slight 
average increase in the white cells appeared, with a relative inciease of 
polymorphonuclear cells and a decrease in the lymphocytes Physical 
and chemical studies of the blood did not reveal any significant changes 
except for a slight fall in two cases m which the amount of magnesium 
present was determined and a slight rise in the conductivity of the 
serum found A slight rise in the temperatures both by mouth and by 
rectum was noted The average figure for basal metabolism shows a 
definite inciease fiom +6 to -{-22 The cooperation of the patients, 
however, at the end of the twenty-four hour period was obviously not 
as good as when determinations were made following the last adminis- 
tration of the drug Chemical and microscopic examination of the urine 
in the cases m which the drug was abruptly withdrawn failed to reveal 
the appearance of albumin or casts as well as any othei positive signs 
It was noted that the color of the blood drawn fiom the same vein with- 
out stasis in the same persons at three hour intervals varied considerably 
If the addict complained of feeling hot, the blood flowing into the 
collecting tube was bright red, suggesting a high percentage saturation 
of oxygen On the other hand if the addict complained of feeling 
chilly at the time, the blood was much darker m color, leading one to 
the belief that there existed a low percentage saturation of oxygen 
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The physical changes noted in the addicts as the studies were earned 
on vaiied considerably In the four cases in which the proposed 
twenty-foui hour peiiod of withdrawal was carried to completion the 
patients gave the obseiveis the impiession that they were suffeimg with 
a common cold in the head, lacnmation, sneezing and difficulty in 
breathing through the nostrils Yawning was also present in these four 
cases, although it was not fiequent Dilatation of the pupils began 
between the sixth and ninth houi inteival, m all cases The patients 
complained of chills and exhibited the chai actei istic pilomotor activity 
of the skin known as "cold turkey” at the end of eighteen hours Four 
showed slight muscular twitchiiigs at the end of sixteen hours None 
of the patients vomited, although at the end of the twenty-four hour 
peiiod two complained of a serious gnawing sensation in the stomach 
Avhich they intei preted as the need foi the diug Three addicts had a 
bowel movement at the end of the eighteen hour period without the aid 
of medication, something unusual with them while taking diugs at 
legular inteivals At the end of the twenty-four houis, two of the 
addicts showed a decided change in disposition, becoming extremely 
surly and repeatedly stating that they hoped we would stop oui 
"foolishness” and give them their drug At the end of eighteen houis, 
one patient was seized with a spell of laughtei sufficient to produce 
seveie lacnmation He expiesed his condition as a ‘‘laughing yen” 

The results obtained during comparative studies following the last 
administration, at the end of the foity-eight houi withdrawal period and 
following the leadministration of the ding, aie tabulated m table 2, and 
the results of the staircase climbing tests in table 3 Chart 1 shows 
graphically a compaiison of the results of the stancase climbing tests 
obtained during the three different phases of study 

The most significant positive observations in these studies weie a 
definite mciease in the number of white cells with a relative increase 
in the polymoi phonuclear cells and a decrease in the lymphocytes at 
the end of the withdiawal period Following the readmmistiation of 
the drug, theie was still a slightly furthei average increase in the num- 
ber of white cells Two cases, however, failed to show any mciease 
in the numbei of white cells On the other hand, one of our cases 
showed an mciease in the numbei of white cells of from 8,100 to 2/ ,000 
at the end of the forty-eight hour peiiod and reached 31,000 one houi 
after the readministration of the drug when all the withdrawal symptoms 
had apparently disappeared A count taken six hours later showed a 
still fuither increase to 34,000 Twenty-four houis after the read- 
ministration of the drug, they had fallen to 14,000 This addict 
lequired 10 grains (0 65 Gm ) of morphine a day, the same amount 
lequired by one of our patients whose leukocytes numbered 8,300 at the 
beginning of the withdiawal period and who had the insignificant use to 



Table 2 — Stiidtcs of the Effect on Human Opium Addicts of the Abiupt Wtth- 
diazval of Moiphme foi a Peiiod of Foi ty-Eight Homs and Its 

Rcadmimsti ation 






After Eeadminis 




At End of 

tration of Morphine 



Before Abrupt 

48 Hour Abrupt 

at End of 48 Hour 



Withdrawal 

Withdrawal 

Withdrawal Period 

Pulse rate ■while reclining 

No cases 

10 

10 

10 

Highest 

80 

71 

S3 


Lowest 

52 

50 

54 


Average 

64 

61 

69 

Pulse rate nbile standing 

No cases 

10 

9 

9 


Highest 

112 

112 

123 


Lowest 

50 

73 

88 


Average 

70 

93 

107 

Blood pressure while 

No cases 

10 

10 

10 

reclining 

Highest 

138/92 

140/84 

129/79 


Lowest 

102/60 

109/63 

88/60 


Average 

120/73 

121/73 

111/71 

Blood pressure while 

No cases 

10 

9 

9 

standing 

Highest 

130/90 

138/94 

112/90 

Lowest 

86/6t 

110/74 

80/60 


Average 

110/79 

116/85 

98/77 

Respiration 

No cases 

10 

8 

S 

Highest 

22 

24 

34 


Lowest 

12 

11 

12 


Average 

17 

16 

17 

Hemoglobin 

No cases 

10 

10 

7 

Highest 

16 7 

18 9 

181 


Lowest 

13 2 

14 8 

13 8 


Average 

151 

16 9 

15 6 

Erythrocytes 

No cases 

3 

2 

2 

Highest 

4,827 

5,150 

5,550 


Lowest 

4,450 

4,300 

4,500 


Average 

4,609 

4,700 

5,025 

Leukocytes 

No cases 

9 

9 

8 

Highest 

13,100 

27,800 

7,800 

34,000 


Lowest 

7,500 

8,000 


Average 

9,800 

15,200 

16,980 

Polymorphonuclears 

No cases 

7 

9 

7 

Highest 

78 

97 

86 


Lowest 

47 

52 

56 


Average 

62 

72 

63 

Lymphocytes 

No cases 

7 

9 

7 

Highest 

46 

40 

39 


Lowest 

20 

2 

12 


Average 

33 

25 

27 

Large mononuclears 

No cases 

7 

9 

7 

Highest 

7 

6 

4 


Lowest 

0 

0 

0 


Average 

3 

1 

2 

Eosinophils 

No cases 
Highest 

7 

2 

9 

2 

7 

3 


Lowest 

0 

0 

0 


Average 

1 

1 

2 

Basophils 

No cases 

7 

9 

7 

Highest 

1 

1 

1 


Jjowest 

0 

0 

0 


Average 

1 

1 

1 

Urea 

No cases 

3 

4 

5 

Highest 

15 

16 

18 


Lowest 

11 

10 

11 


A\ erage 

13 

13 

15 

Sugar 

No cases 

3 

4 

0 

Highest 

101 

115 

126 


Lowest 

69 

85 

93 


Average 

93 

101 

107 

Cholesterol, whole 

No cases 

10 

7 

8 

blood 

Highest 

215 

233 

250 

lyow est 

163 

175 

150 


Average 

189 

208 

189 
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Table 2 — Studws of the Effect on Human Opniin Addicts of the Abi iipt With- 
diaioal of Motphine fot a Peuod of Foity-Eight Hows and Its 
Readimmsh ation — Continued 


Pa blood 

Ko cases 

Before Abrupt 
Withdrawal 

3 

At End of 

48 Hour Abrupt 
Withdran al 

4 

After Readminis- 
tration of Morphine 
at End of 48 Hour 
Withdran al Period 

4 


Highest 

7 51 

7 51 

7 45 


Lowest 

7 37 

7 43 

7 3s 


Average 

7 45 

7 46 

7 42 

Dry matter, wliole 

\o cases 

10 

10 

7 

blood 

Highest 

22 7 

24 5 

23 3 


Lowest 

201 

21 7 

16 2 


Average 

20 7 

22 6 

219 

Dry matter, cells 

Ko eases 

6 

9 

8 


Highest 

40 8 

43 6 

55 3 


Lon est 

382 

37 5 

274 


Average 

413 

40 7 

412 

Dry matter, plasma 

Ko eases 

10 

10 

8 


Highest 

10 2 

11 5 

114 


Lon est 

82 

92 

84 


Average 

91 

10 1 

99 

Schneider’s score 

Ko eases 

8 

7 

7 


Highest 

15 

12 

11 


Lowest 

1 

9 

1 


Average 

10 4 

10 

4 

O-^ygen percentage 

Ko cases 


6 

6 

saturation of 

Highest 


GO 7 

791 

venous blood 

Lowest 


39 3 

49 2 

Eed cells, per cent 

Average 

Ko eases 

6 

42 5 

10 

62 2 

7 

by volume 

Highest 

387 

43 

45 0 


Lowest 

34 

37 3 

35 0 


Average 

36 2 

40 2 

391 


8,500 at the end of the period The two addicts who did not show a 
change in the number of leukocytes appeared to suffei as much as the 
other eight who showed definite increases 

The red blood cells were studied m only two cases and showed a 
slight rise after the abrupt withdrawal and a further slight increase 
following readmmistration of the drug m both cases Deteiminations 
of hemoglobin by means of the Newcomer plate in ten cases showed an 
average rise of from 15 1 to 16 9 Gm , and in eight of these it remained 
practically the same after the readmmistration of the drug The rise 
in hemoglobin occurred in all our cases as did the slight increase in the 
red cell volume following abrupt withdrawal 

The results obtained from the determination of the dry mattei in the 
whole blood and plasma showed an average increased concentration of 
the blood of about 9 per cent This tendency for a concentration was 
true in all the cases studied and following readministration of the 
drug did not return to the figure obtained before withdrawal The dry 
matter of the cells remained unchanged 

Further studies showed no significant changes m the urea nitrogen, 
sugar and pn of the blood A slight rise of the cholesterol of the whole 
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blood was noted at the end of the abrupt withdrawal and a return to 
the same average figure following the readministration of the diug as 
that obtained before the withdrawal Avas begun This use of cholesterol 
was present in five of the seven cases studied 

In SIX cases studies of the percentage saturation of the venous blood 
diawn from the same vein at the elbow, following the abrupt withdrawal 
of the drug compared to the results obtained following the readmmis- 
tration of the diug, show an average increase m the percentage satura- 



Chart 1 — Average changes in pulse and respiration rates m response to the 
staircase climbing test in a group of human addicts recemng morphine, after with- 
drawal of morphine for forty-eight hours and following readministration of 
morphine after the fortj -eight hour wuthdrawal period In this chart and in 
chart 2 the solid line indicates, during administration, the broken line, after fortj- 
eight hours, and the dash and dot line, follow mg readministration 

tion of from 42 5 to 62 2 per cent This rise in percentage saturation 
of the oxygen in the venous blood was present in all our cases 

The circulatory changes noted during these studies consisted in a 
slight fall of the average pulse rate while the patient was reclining 
during the abrupt withdratval and a slight rise in the average rate 
following the readministration of the drug A study of the individual 
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cases, however, shows this fall to be present in only six of the ten, the 
othei four showing slight rises during the withdiawal period The 
average rise of the pulse late while the patient was lechning following 
the leadministration of the drug occuried in nine of the ten cases, the 
other showing a slight fall in the rate 

The average pulse rate, detei mined while the patient was standing, 
increased fourteen beats per minute at the end of the forty-eight houi 
period, with a fuithei average inciease of fourteen beats following the 
leadministiation of the drug In all individual cases, the patients 
showed this inciease of pulse rate while standing following withdiawal 


Table 3 — A Compauson of fhe Avetaqe Inn ease m fhe Pulse Rale, Respvation 
and Systolic Piessmc and the Changes in Diastolic Piessuie Following the 
Stall case Climbing Test on Human Opium Addicts Befoie IVitli- 
diawal, Aftei a Foity-Eiglit Hout Peiiod of Witlidi awal of the 
Ding and Following the Readministi ation of Moiphinc 



1st 

1st 

2d 

Sd 

4th 

5th 


Reading 

Minute 

Minute 

Minute 

Minute 

Minute 

Pulse (!) cases) 

Before Tvithdra^val 

C2 

37 

20 

13 

11 

12 

At end of withdrawal 

58 

27 

11 

8 

7 

7 

Following readministration of drug 

62 

37 

20 

10 

10 

7 

Eespiration (9 cases) 

Before witlidra^\ al 


5 

2 

1 

1 

1 

At end of withdrawal 


11 

6 

5 

4 

4 

Following readministration of drug 


6 

4 

2 

1 

0 

Sj stolic pressure (9 cases) 

Before withdrawal 

29 

30 

25 

16 

9 

4 

At end of withdrawal 

23 

21 

12 

9 

1) 

2 

Followang readministration of drug 

18 

19 

15 

13 

8 

4 

Dnstolic pressure (9 cases) 

Before withdraw al 

—10 

—7 

— G 

— G 

—6 

— G 

At end of withdrawal 

—6 

—4 

—2 

—3 

—0 

> 

Followung readministration of drug 

—8 

—1 

2 

4 

O 

u 

7 


compared to the figure obtained at the beginning of this period as well 
as the further increase following the leadministration of the diug 
No change was piesent m the average systolic pressure, taken while 
the patient was reclining, at the beginning of the withdiawal peiiod as 
compaied to that at the end of the peiiod Individual cases, however, 
showed some marked changes In one case, the systolic pressure lose 
37 mm In another it fell 20 mm The others showed uses and falls 
ranging from 2 to 7 mm of mercuiy An average rise of 6 mm in the 
systolic piessure was noted when the figuies foi the aveiage systolic 
piessure determined while the subject was standing, following the with- 
drawal peiiod as compared with those obtained at the beginning of this 
period An analysis of the individual cases shows that four of the ten 
exhibited this rise, in two the piessure remained the same and in thiee 
It showed a slight fall An average fall in the systolic pressure taken 
while the patient was standing was noted m the ten cases following 
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the readmmisti ation of the drug compared to the average systolic pres- 
sure, taken while the patient was lechnmg, at the beginning and end 
of this period Seven of the ten cases showed this fall , in one the pres- 
sure remained the same and in the othei two it showed slight rises The 
greatest fall encounteied was 23 mm 

Following the readministration of the drug, the systolic piessure 
taken while the subject was standing showed an aveiage fall of 18 mm 
compaied to the aveiage obtained at the end of forty-eight hours and 
12 mm compaied to the average pressure at the beginning of the with- 
drawal period Following the leadmimsti ation of the drug, all cases 
without exception showed this fall in the systolic pressure while the 
patient was standing 



READING MIN MIN MIN MIN MIN 


Chart 2 — Average changes m systolic and diastolic blood pressure in response 
to the staircase climbing test in a group of human addicts receiving morphine, 
after withdrawal of morphine for forty-eight hours and following readmmisti a- 
tion of morphine after the forty-eight hour withdrawal period 

Schneidei’s test of physical fitness,- conducted m eight cases at the 
beginning of the withdiawal period, gave an average score of 10 points, 
the same as the aA^erage at the end of the foity-eight hour withdrawal 
period 111 seven cases Following the readministration of the drug, the 
average score of the seven cases fell 6 points This fall was directly 
due to the inciease in the individual pulse rates and fall m the piessure 
when the subject changed from the lechning to the standing postures 

2 Schneider, EC A Cardiovascular Rating as a Measure of Physical 
Fatigue and Efficiency, JAMA 74 1507 (May 29) 1920 
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Studies of the staiicase climbing test at the beginning and end of 
the forty-eight hour period and following the readmimstration of the 
drug do not reveal any great changes in the response of the circulatory 
system to this lathei fatiguing lest If anything, the response fol- 
lowing the end of the foity-eight hour period when the addict com- 
plained of extreme muscular weakness was more similai to that of 
athletes than when the drug was being administered at regular inteivals 
The immediate inciease m the lespiratory rate at the close of the 
withdrawal peiiod following the climbing of the staiicase was the only 
indication of a poorei i espouse to this test when compared to the test 
at the beginning of the period and following the readministiation of the 
drug The i espouse following the leadmimstration of the diug as 
measuied by the reaction of a tiained person was poorer than when 
the addict was suffeimg, except the respiratoiy increase We found that 
tiained normal pel sons met the stress of climbing with the greatest rise 
in pressuie and the least rise in pulse late, and showed the quickest 
leturn to noimal ^ 

No changes weie noted in the lespiiatoiy lates while the patient 
was leclining either at the end of the foity-eight hours oi following 
the leadmimstration of the drug as compared to the figuies obtained 
at the beginning of withdiawal Individual cases also showed only 
small and insignificant changes, with the exception of one case m which 
the respirations were 17 at the beginning of withdrawal, 20 at the end of 
the withdrawal period and 34 following the leadmimstration of the 
diug 

Only two of our cases showed a slight rise in temperature during 
this period The highest temperature reached was 100 2 F 

Chemical and microscopic examination of the urine showed the 
presence of a tiace of albumin m two cases, but neither one showed 
the presence of any casts All other examinations of the urine gave 
negative results 

Attempts to determine the basal metabolism of the gastro-mtestinal 
tiact, gastric analysis, ingestion of barium for roentgenograms and 
dextrose for dextrose tolerance tests were futile, the cooperation of the 
patient being so poor as to cause us to abandon the attempts 

The general behavior and symptomatology of these addicts weie 
uniform during the forty-eight hour withdrawal period All cases 
showed the characteristic pilomotor activity and the lacrimation, sneezing 
and excessive yawning Five of the ten patients vomited, and all had 
normal bowel movements at the end of twenty-four hours Three 
developed diarrhea at the close of the forty-eight hour period In four 
cases, sweating was marked, beginning at the end of thirty-six hours 
Muscular twitching, particularly of the muscles of the face and extremi- 
ties, was piesent in all cases One of our patients had a violent twitch- 
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mg of the muscles of the left leg which he himself attempted to stop 
by improvising a tourniquet by means of a towel At the close of the 
forty-eight hour period, one addict complained of diplopia, and on 
examination he had a definite weakness of the right external rectus 
muscle The average weight lost by the ten addicts was 5^ pounds 
(2 6 Kg ), the individual losses ranging from 4 to pounds (1 8 to 
3 8 Kg ) The addicts presented a pictuie of dehydiation, the features 
weie drawn The face, neck and upper anterioi pait of the chest had 
a peculiar color which we can describe best as a “dirty flush ” 

Not one of the addicts wished to continue the experiment following 
the twenty-four hour period, and the begging and pleading foi morphine 
foi the following twenty-foui hour period became extremely trying 
Our judgment in selecting these addicts to act as subjects was based on 
their willingness to cooperate when requested to do so while the drug 
was being administered This judgment proved to be pool, for those who 
offeied the least resistance in persuasion turned out to be the most 
annoying at the end of the first twenty-four hours of the withdrawal 
period One patient refused absolutely to continue at the end of thirty- 
six houis unless given a ^ gram (16 mg ) of morphine to help him 
through the remaining twelve hours He was given a hypodermic 
injection of sterile water and promptly went to sleep for a period of 
eight hours, with a tourniquet which he had improvised from a towel 
on his left leg to prevent muscular twitchmgs He was awakened by 
the pain resulting from too tight application of the tourniquet This 
addict never became awaie of the fact that he was given nothing but 
sterile water We wish to state, however, that such dramatic results 
with hypodermic injections of sterile water are rare, m most instances 
the addict cannot be fooled with this substitution, particulaily following 
treatment 

While the studies weie being conducted, changes for the bettei in dis- 
position and disappearance of abjection could easily be noted at the end 
of the forty-eight hour withdrawal period just prioi to the readmimstra- 
tion of the drug The anticipation of the moiphine that was soon to be 
had seemed to have a distinctly beneficial action A few minutes after the 
administration of the drug, all the addicts complained of a heavy feeling 
in the stomach, usually they also smiled and said that they were now 
experiencing the hea^7■ sensation m the stomach that would bring relief 
Despite the fact that within half an hour the addicts said that they felt 
normal and stronger than ever, the musculai twitchmgs about the face 
were still present m some cases The patient who developed diplopia 
during the withdrawal period claimed to be entirely noimal within forty 
minutes except that he was seeing double Tests of the ocular move- 
ments revealed the presence of a weakness of the right external rectus 
muscle for seveial hours following the readministration of the drug 
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We found the cessation of lacnmation, sneezing, yawning, pilomotoi 
activity, muscular twitchings, the return of normal color to the face 
and the changes in disposition most sti iking following the readniinis- 
tiation of the morphine 

COMMENT AND LITERATURE 

Our obseivations covering the abiupt withdrawal periods lesulted 
in a failure to find any symptoms or signs that have as yet not been 
described in the liteiature^ Om studies of the circulation, respiration 
and blood contiibute nothing new, except for the discoveiy of a ten- 
dency towaid a concentiation of the blood and a slight rise in choles- 
terol during the abrupt withdiawal peiiod Moiaf^ thoioughl}'- 
desciibed the appeal ance of leukocytosis at some time duiing the period 
of lapid withdrawal in a senes of twenty-eight cases Moiat found this 
leukocytosis piesent in all his cases, wheieas only eight of our ten cases 
showed it duiing the period of abrupt withdiawal Studies of the blood 
of addicted dogs during withdiawal of the diug led Valenti ® to the con- 
clusion that vasoconstnctoi substances were present in such blood, but 
this observation could not be confirmed by Pellini and Gieenfield^ 
These authors were unable to detect any chemical changes in the blood 
of addicted dogs during the withdrawal stage Plant and Pierce ^ found 
no change in the blood calcium of a dog who displayed violent symptoms 
dining withdrawal of the drug 

We believe that oui most impoitant contiibution to the study of 
withdiawal symptoms is the many negative observations obtained in 
these studies This failure to find any marked changes, with the excep- 
tions already mentioned, at the end of the withdrawal peiiod as well as 
following the readmimstration of the drug, is open to criticism as we 
did not carry the experiments far enough Our expeiience with these 

3 Communication from G H Smith, Esq , to Dr Johnson On Opium 
Smoking Among the Chinese, Lancet 1 707, 1841-1842 Levinstein, E Die 
Morphiumsucht, trans by Charles Harrer, 1878 Solher, P La demorphinisation 
et le traitement rationel de la morphinomame, Semaine med , 1894, p 146 Bishop, 
E S Narcotic Addiction, a Systemic Disease Condition, J A M A 60 431 
(Feb 8) 1913 

4 Morat, D Le sang et les secretions au cours de la morphinomame et de 
la desmtoxication. These de Pans, 1911 

5 Valenti, A Experimentelle Untersuchungen uber den chronischen Vor- 
phinismus, Kreislaufstorungen hervorgerufen durch das Serum morphimsticher 
Tiere in der Abstmenzperiode, Arch f exper Path u Pharmakol 75 437, 1914 

6 Pelhni, E J , and Greenfield, A D Narcotic Drug Addiction II The 
Presence of Toxic Substance in the Blood Serum in Morphin Habituation, Arch 
Int Med 33 547 (May 15) 1924 

7 Plant, O H , and Pierce, I H Studies m Chrome Morphine Poisoning 
m Dogs I General Symptoms and Behavior During Addiction and Withdrawal, 
J Pharmacol & Exper Therap 33 329 (July) 1928 
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men at the end of a foity-eight hour penod convinces us that such 
studies could be earned out only in institutions in which othei methods 
than simple pei suasion might be used 

The incessant begging and the annoying behavior of the addict dui- 
mg the withdrawal period becomes at times almost unbearable and may 
well react on the casual observer, so waiping his judgment as to lead to 
conclusions that would not have been leached except for the behavioi 
of the addict Any one dealing with this gioup of people is fully aware 
of the pernicious influence they exert It has been oui frequent 
experience to leave the wards with the firm conviction that these men 
are not organically sick, the whole picture being an emotional one, and 
that the viciousness attached to the pictuie could best be coped with 
m penal institutions Just as fiequently we have enteied the ward and 
found these men suffering with violent muscular twitches, vomiting, 
perspiration and yawning and showing such a sickly appearance that we 
have been convinced that theie must be an organic basis foi then 
appaient suffering 

In favor of an emotional basis as a cause foi the withdrawal symp- 
toms, we wish to cite our negative observations Despite the fact that 
the addicts claim to be so weak as to be scarcely able to move, their 
response to the staircase climbing test was carried out with the same 
efficiency as when drugs were administered, with the exception of the 
respiratory response, following the readministration of the drug, the 
response was, if anything, poorer Such difteiences as exist in basal 
blood pressure, heart rate and respiiatory rate are too small to indicate 
any significant change Addicts will admit that when they are unable 
to obtain drugs and when withdrawal symptoms with extreme weakness 
have become severe, the assuiance of an available supply at a considerable 
distance will cause them to travel this distance with remarkable speed 
and efficiency 

The concentration of the blood and loss of weight would indicate 
some organic disturbance, on the surface, but we believe that these two 
positive manifestations can be explained on the basis that the addicts 
will not take food or water and perspire to such an extent that they 
cannot help showing this loss of weight and the degree of concentration 
of blood found in oui cases 

Yawning, restlessness, vomiting, dianhea, peispiration and extreme 
weakness are found in many emotional states This type of behavior 
has frequently been observed by one of us in a group of football players 
as well as in the coaching staff of a university football team just prior 
to the playing of a so-called “important game ” Loss of appetite, 
maiked restlessness, frequent yawning, diarrhea and, occasionally, 
vomiting constitute the picture The players will state that they are so 
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weak that they can scaicely move, yet, when the whistle stalling the 
game is blown, all fatigue quickly disappeais 

Fuither evidence that the picture of withdrawal symptoms has as 
Its basis an emotional state is the response on the part of one of oui 
addicts at the end of a thirty-six hour withdrawal period to the hypo- 
deimic injection of steiile water Despite his obvious sutfeimg, he 
immediately went to sleep and slept for eight hours Addicts fre- 
quently speak about the “needle habit,” in which the single prick of the 
needle brings about relief It is not uncommon for one addict to give 
anothei a Itypodermic injection of sterile water and the recipient to 
derive a “kick” and become quiet On the other hand, it has been our 
expel lence just as frequently to have the addict know that he was given 
a hypodermic injection of sterile watei and to have him fail to lespond 
to its effect Paradoxic as it may seem, we believe that the greater the 
craving of the addict and the severity of the withdiawal symptoms the 
better aie the chances of substituting -a h)^podeimic injection of sterile 
water to obtain temporary relief 

The presence of diplopia, marked increase m the nuinbei of leuko- 
cytes and albuminuria constitute sufficient evidence for one to look on 
withdrawal symptoms as having a true organic basis Leukocytosis has 
been described m emotional states, but the degree reached in some of oui 
cases, in four the leukocyte count being over 20,000 and in one reach- 
ing 27,000, would make one proceed with caution m the diagnosis of a 
clinical case before attributing such a count to pure emotionalism 
Recently, however, Garrey ® and his co-workers were able to establish 
a mental condition which fiequenlly brings about an increase of from 
100 to 300 pel cent m the number of leukocytes It is the belief of these 
observers that they aie dealing merely with a redistribution due to 
fluctuation in the capillary bed m which leukocytes are trapped m the 
nonfunctiomng capillaries 

White cell counts on the football playeis already cited made daily 
for a week befoie an impoitant game and just prior to the game when 
they were showing symptoms of )''awnmg, diarihea and restlessness and 
complaining of extreme weakness failed to show any change fiom the 
normal count 

Muscular twitches aie, at times, of such magnitude as to pieclude 
any possibility of pure neivousness The presence of albumin in the 
urine, mentioned by othei investigators but curiously absent in this senes 
of cases studied, is furthei evidence of the organic natuie of these 
disturbances 

Failure of disappeai ance of the leukocytosis, diplopia and muscular 
tiemois following the readministration of morphine when lehef was 
obtained by the addict are difficult to explain To those who aie 


8 Garrey, W E Personal communication to the authors 
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inclined to accept an emotional basis as the cause of withdiawal symp- 
toms, a satisfactory explanation would be that the ciaving for the drug 
brings about emotional states sufficiently powerful to cause oiganic 
changes and that readmmistration of the diug brings mental relief long 
before the resulting organic changes can lectify themselves On the 
othei hand, if some true organic disturbance is the basis of the suffer- 
ing, the 1 eadmimstration of moiphine bungs about relief from the 
peripheral sensations just as morphine leheves the patient from the pain 
of cancer but not from the cancer itself * 

CONCLUSIONS 

Abrupt withdiawal of morphine for a period of twenty-four hours 
m four addicts resulted in the appearance of mild withdrawal symptoms 
These symptoms were accompanied by negligible changes in the pulse 
late, leukocyte count and basal metabolic rate Changes m behavioi 
and irritability would indicate that mental suffering begins before 
physical suffering 

In ten addicts, abiupt withdiawal of moiphine foi a period of forty- 
eight hours lesulted in the appearance of seveie withdrawal symptoms 
One case showed diplopia These changes were accompanied by a 
definite leukocytosis in eight of the ten cases, concentration of the 
blood in all cases and a slight rise in cholesterol of the blood in seven 
of the ten cases Albuminuiia was found in two cases The of the 
blood, urea nitiogen and sugar showed no changes Considerable loss 
of weight occuired duimg the forty-eight hour withdrawal period 

Following the readmmistration of the diug and relief from sub- 
jective symptoms, the increased leukocyte count and concentration of 
the blood remained for seveial hours, as did the diplopia and musculai 
twitchmgs of the face A rise m the peicentage saturation of the oxygen 
of venous blood was noted m all cases following the readmmistration of 
the morphine The circulatoiy changes noted were a slight increase in 
the pulse late and a slight fall in systolic piessuie The staircase 
climbing test and Schneider’s test showed a decrease m the efficiency of 
the circulation following the readmmistration of the drug when com- 
paied to the results obtained at the end of the fort} -eight hour with- 
diawal period 



THE REGULATION OF BLOOD SUGAR IN IDIOPATHIC 
STEATORRHEA (SPRUE AND GEE-HERTER’S 

DISEASE) 

I THE LOW BLOOD SUGAR CURVE *■ 

T E HESS THAYSEN, MD 

AND 

A NORGAARD, MD 
COPENHAGEN, DENJIARK 

The numerous investigations of the rise of blood sugai in the ali- 
mentaiy tract that have been earned out since the introduction of the 
inici oniethod foi the determination of blood sugai have aimed chiefl} to 
settle the boideiline between the noimal and the increased use of blood 
sugai The lack of use oi the small rise in blood sugar, the low blood 
sugar cuive, on the othei hand, has not attracted any particular atten- 
tion In the past year we have had occasion to investigate some 
instances of the low blood sugai cuive We believe it appiopiiate to 
call attention to these cuives as constituting a somewhat ovei looked 
phenomenon m the study of the legulation of blood sugai We have 
found the low blood sugai curve most fiequently present m one definite 
gioup of lesions, the idiopathic steatoriheas 

Our examinations of the blood sugai cuive after ingestion of 
dextrose weie made as follows 

The blood sugar was detei mined aftei the method of Plagedorn and 
Norman -Jensen The amount of dextrose ingested was usually 60 Gm 
In oui fiist expel iments, the blood was withdrawn at inteivals of 
fifteen minutes, in the latei experiments, the blood was taken every 
ten minutes, as we realized that fiequent estimations of the blood sugar 
are impoitant in detei mining the use of the curve 

Although there aie numeious repoits on the rise of the blood sugai 
curve in normal peisons aftei the ingestion of dextiose, it still has been 
difficult to find a fairly large numbei of observations that we could 
use in arriving at a definition of the term “low blood sugar curve ” 
For such observations, to affoid a contiol of value in our voik, had to 
meet the following lequirements (1) the method employed in the 
blood sugar determinations had to be the same as that used in our 
experiments, (2) the amount of dextrose ingested could not differ to 
any extent from that given our patients, and (3) the intervals between 

^ Submitted for publication, Nov 10, 1928 

-<■ From the Medical Department, St Elizabeth Hospital, Copenhagen, 
Rhysician-m-Chief T E Hess Thaysen 
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the withdiawals of blood m any senes had to be the same as those in 
our expeuinents The first condition and the last were, of course, the 
most important 

Investigations of the use of the blood sugar curve in normal per- 
sons aftei the ingestion of dextrose by the method of Hagedorn and 
Noiman-Jensen have been reported by Hagedorn,’^ H^st," Lottrup- 
Andersen and Hansen ® As is well known, the rise of the blood sugar 
curve vanes considerably m noimal persons, and this variation follows 
the ordinaiy curve of error in the various obseivations We therefore 
calculated the mean value of the rise of the curve and the mean error, 
by which we were able to estimate how often a curve of a definite height 
would be encountered in normal persons 

Table 1 ^Calculation of the Low Blood Sngai Cuive and Its Fi cquency in Noimal 
Pci sons Aftei the Ingestion of Dextiose fioin the Obseivations of 
Hagcdoin, Hfist, Loth iip-Andci sen and Hansen 


Rise Rise 

of 60 of 40 


* 

Clumber 

of 

Number 

of 

Mean 
Value 
of Ri«e, 
Mg per 

Mean 

Amount of 
Dextrose 
Ingested, 

Interval 

Betpeen 

Tests, 

Mg per Mg per 
100 Cc lOO Oc 
or Less or Less 
Calcu- Calcu 
lated lated 

Present, Present, 
per Cent per Cent 

Author 

Persons 

Tests 

100 Cc 

1 rroi 

Gm 

Minutes 

of Tests of Tests 

Hagedorn* 

20 

39 

75 

20 

47-100 

15 

25 

5 

H0st 

21 

27 

74 

20 

SO 

15 

25 

5 

iottrup Andtrsent 

18 

18 

62 

12 

35 

10 

45 

5 

Hansen 

5 

19 

61 

16 

30-100 

2 5 

50 

10 


* Hagedorn s imtenal consisted of tuo groups a larger group of fourteen noimil persons 
ind a smaller group of six persons \Mth metabolic disorders in their familj histones Here 
these groups •’re added together, since no other author made this distinction among normal 


h Lottnip Andei sen’s normal (’) persons pere elderlj people, most of them more than 
bO 5 ears old 


In Lottrup-Andersen’s investigations, the amount of dextrose 
ino-ested was small, and the same statement holds for some of Hansen’s 
experiments, in which the rise of the curves is calculated after a mean 
curve that does not include the small increases of the blood sugar 
values In Hagedorn’s, Host’s and Lotti up- Andersen’s material, we 
find a calculated frequency of a use of 40 mg per hundred cubic 
centimeters or less in 5 per cent of the curves In Hansen’s material, 
on the other hand, this rise is found in approximately 10 per cent of 
the curves, which piobably is due to the fact that this author calculated 
the use from mean cuives, not fiom the values obtained 

1 Hagedorn, H C Undersdgelser over blodsukkerregulationen hos men- 
nesket, Copenhagen, Giddendal, 1921 

2 Hffst, H I Metab Research 4 315, 1923 

3 Hansen, K M Investigations on the Blood Sugar in Man, Copenhagen, 
Nielsen and Ljdiche, 1923 
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Chart 1 —The blood sugar curves of a woman, aged 33, with nontropical 
sprue, after ingestion of dextrose (Holst's case) The broken line indicates total 
rise of 6 mg per hundred cubic centimeters (Nov 9, 1926) , the unbroken line, total 
rise of 27 mg per hundred cubic centimeters (July 2, 1928) 



Chart 2 (case 2, table 2) — Blood sugar curves of A B , a woman, aged 45, 
with nontropical sprue, after ingestion of dextrose The broken line indicates total 
rise of 20 mg per hundred cubic centimeters (Oct 26, 1927) , the unbroken line, 
total rise of 28 mg per hundred cubic centimeters (Jan 6, 1928) , the dotted line, 
total rise of 27 mg per hundred cubic centimeters (Feb 7, 1928) 



Chart 3 (case 4, table 2) —Blood sugar curves of E H , a woman, aged 38, 
with nontropical sprue, after ingestion of dextrose The broken line indicates total 
rise of 39 mg per hundred cubic centimeters (Nov 2, 1926) , the dotted line, total 
rise of 38 mg per hundred cubic centimeters (Nov 3, 1926) , the unbroken line, 
total rise of 37 mg per hundred cubic centimeters (Jan 21, 1928) 
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According to this calculation (table 1), the low curve then is 
encountered in 5 per cent of normal persons, gi anted that it is defined 
as a curve with a rise of 40 mg per hundred cubic centimeters or less, 
and provided that the blood is withdrawn at intervals of fiom ten to 
fifteen minutes, that the amount of dextrose ingested is approximately 
60 Gm and that the blood sugar is determined after Hagedorn and 
Norman- Jensen’s method 

The low curve is characterized b)'^ the small height of its rise One 
may also find a low-leveled curve that is characterized by a low starting 
point during fasting and a relativel}'^ low maximal value We give some 
illustrations of such low cuives demonstrated in cases of idiopathic 
steatorrhea 



Chart 4 (case 8, table 2) — Blood sugar curves of S V , a woman, aged 56, 
with nontropical sprue, after ingestion of dextrose The unbroken line indicates 
total rise of 84 mg per hundred cubic centimeters (Jan 27, 1928) , the broken line, 
total rise of 73 mg per hundred cubic centimeters (Feb 28, 1928) 

In the gioup of diseases designated “idiopathic steatorrhea,” we 
include the following three (1) tropical sprue, (2) nontropical sprue 
and (3) the lesion described by Gee ^ (1888) as “celiac affection” and 
by Herter ® (1908) as “intestinal infantilism ” The reasons for placing 
these three diseases together in one group and for this designation of 
the group will not be discussed in this paper The low blood sugar 

4 Gee, S St Bartholmew’s Hosp Rep 24 17, 1888 

5 Herter, C A Intestinal Infantilismus, New York, The Macmillan Com- 
pany, 1908, Wien, Franz Deuticke, 1909 
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cuive heie desciibed is a symptom common to these diseases This 
has not been pointed out befoie 

In a piCMOus aiticle on foiii cases of nontiopical spiue, one of us 
(Thaysen«) emphasized that this lesion sometimes piesents ceitam 
abnormalities of the blood sugai cuive, i e, a very low rise of the 
cur\e aftei ingestion of dextiose T.his obseivation was later con- 
fiimed by Holst. * who pointed out that a slight use of the blood sugai 
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Chart 5 (case 9, table 2) — Blood sugai cur\cs of E P, a girl, aged 11, with 
Gec-Herter's disease, after ingestion of dtxtiose The unbroken line indicates total 
rise of 15 mg per hundred cubic centimeters (Feb 25, 1928) , the broken line, total 
rise of 12 mg per hundred cubic centimeteis (Feb 26, 1928) 



Chart 6 (case 10, table 2) —Blood sugar curves of V 0 , a "’f"’ ^ 
with tropical sprue, almost symptom-free, after ingestion of de\ ro , g 
alimentary glycosuria was noted, threshold approximately 130 The unbroken line 
indicates total rise of 21 mg per hundred cubic centimeters (Aug 12, 
broken line, total rise of 51 mg per hundred cubic centimeters (i arci , ) 


6 Thaysen, TEH Acta med Scandinav 66 292 1926 Exact data on 
the blood sugar curve are available in only three of the four cases 

7 Holst, I A Acta med Scandinav 66 74, 1927 
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curve after ingestion of dextrose evidently is a phenomenon that occurs 
in nontiopical sprue more frequently than was assumed in the paper 
mentioned 

In the last two years, we have had an opportunity to examine two 
of the cases of nontropical spiue previously reported, and to investi- 
gate the blood sugar curves in four new cases of this lesion, in four 
cases of tropical sprue and in one case of Gee-Herter’s disease (fur- 
nished by Prof C E Bloch) ® Thus, our material consists of twelve 
cases of idiopathic steatorrhea in which the blood sugar was investigated 
To this IS added the case reported by Holst 

Table 2 gives a survey of all the cases of idiopathic steatorrhea, 
including deteimmations of the blood sugar, the weight and the height 
of the patients and the results of the analysis of the stools In regard 
to the technic in the determination of the metabolism, an article by 
Thaysen ° may he consulted 

Whereas one may expect to find a low blood sugar curve in about 
5 per cent of normal persons, we found a low blood sugar cuive in 
fifteen of thirty (50 per cent) patients examined who had symptoms of 
idiopathic steatoirhea (tables 2 and 4) 

Of the sixty-four noimal persons examined by Hagedorn, H^st, 
Lottrup-Andersen and Hansen, four presented a low curve on one 
examination Six of our eleven patients with idiopathic steatorrhea 
showed a low curve as an almost constant symptom, for two of oui 
thirteen patients (nos 11 and 13) must be regaided as having recovered 
The low curve thus occurred much more frequently in this group than 
in the normal groups ® 

Two of the patients (table 2, nos 3 and 10) were examined twice, 
at intervals of one-half year and one month, respectively, each was 

8 Another patient with Gee-Herter’s disease, recently admitted to the same 
department, showed likewise a low blood sugar curve after the ingestion of 
32 Gm of dextrose, the total rise was 13 mg per hundred cubic centimeters of 
blood Dr E Svensgaard furnished us with the results of these examinations 
In a case of Gee-Herter’s disease, Esp (Arbeider fra Rikshospitalets med 
Ajd'elinger, Oslo, 1927) found a rise of 39 mg per hundred cubic centimeters of 
blood 

9 Although the difference between the frequency proportion of 5 per cent 
for normal persons and that of SO per cent for the steatorrheic group is con- 
spicuous, the small number of persons examined might yet give rise to some 
doubt as to whether the difference is real By calculating the mean error of 
the percentages given, this difference is found to be real 

a/EOI + = 11 2 

To be real, the difference in the percentage of frequency between the groups 
with low curves (le, 50%— 5%=4S) must be at least twice as large as the 
figure (11) obtained after this formula, and so it is Consequently, the difference 
in frequency is an actual difference 
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t Mlcioscoplc CMiniination showed no increase in fit content of feces 

t Microscopic examination showed slight increasse in fat content of feces Patient had glossitis 
1[ Jlicroscopic examination showed fcccs normal Patient had no symptoms 

# Microscopic cxamin ition showed slight increase in fat content of feces Patient had no sjmptoms 


24 


ARCHIVES OF INTERNAL MEDICINE 


having a bad period at the time of the first examination and a lelatively 
good period at the time of the second examination Both showed 
a consideiably higher rise of the blood sugar curve in the lelatively 
good period than in the bad period Two patients (nos 7 and 8) with a 
normal rise of the blood sugar curve were likewise having a good period 
with normal (no 8) or only slightly lowered absorption of fat, and 
without the pernicious anemia and the glossitis that were demonstrated 
during an attack of fatty diarrhea Apart from certain neivous symp- 
toms and an abnormality of the basal metabolism which caused us to 
count them in our total of nonrecovered patients, they weie both 
symptom-free These observations, together with the experiences before 
mentioned, indicate that the blood sugar curve becomes normal or rises 
higher when the patient impioves 

In contrast with the normal blood sugar curve, which usually runs a 
regular course with a smooth fall down to or below the value during 
fasting, the low curves m idiopathic steatorrhea frequently are irregular 
in then course (charts 1 to 6), after-rises being not infrequent These 
after-uses are encountered at an eailiei stage of the curve than is the 
rule in the cuive foi normal peisons, in which they occur chiefly at 
the end In idiopathic steatorrhea, the after-rises are also higher than 
usual In one instance (table 2, no 6, and chait 1), we saw an after- 
rise of 39 mg per hundred cubic centimeteis, whereas the after-rise 
111 Hagedorn’s normal persons amounted to only 10 mg per bundled 
cubic centimeters or less In other respects, however, it is impossible to 
give any collective description of the low blood sugai curve, as it varies 
not only among diffeient persons but also in the same person on differ- 
ent examinations 

The length of the curve likewise varies a great deal, when the 
length is intei preted as the time it takes the curve to get back to the 
blood sugar value during fasting the fiist time In seven cases, the 
low blood sugai cuive got rapidly down to the value during fasting 
(within ninety minutes or less) , but aftei this, in four of the seven cases 
an after-rise occuried, which went on to such a slow fall that the 
curve was not finished until from 151 to 180 minutes after its start 
Two other low curves had not reached the blood sugar value obtained 
during fasting in two and one-half hours after the ingestion of dextrose , 
and one curve (chart 6) showed a steady rise m blood sugar for two 
Incurs — from 70 mg per bundled cubic centimeters to 90 mg per hun- 
dred cubic centimeteis On the whole, we had the impression that the 
low curves might be either shorter or somewhat longer than usual 

The blood sugar value during fasting is, on the average, somewhat 
lower than normal In our patients, it was approximately 82 mg per 
hundred cubic centimeters It was 88 mg per hundred cubic centimeters 
in Hagedorn’s patients and 91 mg per hundred cubic centimeters in 
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Hjist s patients Fi om table 3, it is evident that the lower average 
value IS due to the fact that blood sugai values of from 60 to 75 mg 
per bundled cubic centimeteis were moie frequent m oui patients than 
in 1101 mal peisons 

Hypoglycemic values, i e , values below 70 mg pei hundred cubic 
centimeteis, weie found m onW three instances and as an inconstant 
phenomenon 

In tv o of the cases (table 2, nos 5 and 6) the blood sugai cuive 
was not low but low-leveled, the blood sugai value duiing fasting 
coiiesponding to the rather low values that were often found m the 
other curves, wheieas the highest value obtained came to only 128 to 
142 mg per hundred cubic centimeteis, which is considerably lowei 
than the usual maximal value in noimal persons The entne cuive 
was thus on a lower level than the curves found for noimal persons 

It is also worth noticing that the blood sugai value during fasting 
in those two patients (table 2, nos 7 and 8) who were examined dui- 


Table 3 — Blood Sucjai Value;, Obtained Dutvig Fasting, Aiianged in Gioups 


Authors 

60 75 Mg 
per 100 Cc , 
per Oent 
of Cases 

75 93 Mg 
per 100 Cc , 
per Cent 
of Cases 

95 Mg 
per 100 Cc , 
per Cent 
of Oases 

Number of 
Cases 

Hagedorn Hqst and Hansen 

6 

75 

20 

in 

Thnjsen and Norgaard 

25* 

59 

16 

32 


* 'nie usunl eileulntlon of the mean error in the percentages of the first gioup shows that 
there is a real difTcrcnce in the frequency per hundred of the -values in the group C0 7j mg pei 
hundred cubic centimeters between Hagedorn’s, Host’s and Hansens patients and ouis, is 
this difference is larger than two times the mean error, -which j fi2 

ing a good peiiod, and whose blood sugar curves showed a noimal use, 
was relatively lowq just as in patients wuth low ctiives 

The mine was examined repeatedly during the administration of 
dextrose It was found to be sugar-free for all patients but two (table 2, 
nos 5 and 10) , the mine of these two occasionallj'^ gave a faint reduc- 
tion of Fehlmg’s solution In view of the fact that Fl^st found a 
faint glycosmia in six of twenty-five normal persons after the ingestion 
of dextrose (50 Gm dextiose in 200 cc of water), the slight elimination 
of sugar in the urine of these two patients hardly seems abnormal 
Finally, w^e examined the mine of three patients (table 2, nos 2, 
4 and 10) aftei then ingestion of 100 Gm of levulose, a test that is 
recommended by Stiauss^® as a functional test of the liver Neithei 
Sehvanoff’s test nor Fehlmg’s solution gave any positive leaction with 
urine voided one, two, three and four houis after the ingestion o 
levulose 

The blood sugar curves found for one of the patients (table 2, 
no 4, and table 4) are worth mentioning in some detail, because t ley 

10 Strauss, S Deutsche med Wchnschr 27 44, 1901 
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show that a pectihai change in the curves set m at the same time that 
the patient showed pronounced signs of latent tetany We have not 
found any analogous phenomenon mentioned in the literature 

Thus, the patient had a low blood sugar curve before the appearance 
of tetany and a normal rise of the blood sugar curve during a period 
with pronounced signs of tetan}^ (marked facialis phenomenon, 
increased galvanic reaction, pains in hands and feet, but no convulsions) 
During this period, the blood sugar value during fasting, too, was con- 
siderably higher than before the onset of tetany On treatment of the 
patient foi tetany with rest in bed, calcium and a preparation of para- 
thyroid, whereby the symptoms were reduced considerably, the blood 
sugar cuive became low once more — slower than before — and the value 
during fasting went down to the same level as before During a new 
period of marked symptoms of tetany, the curve again was higher, and 


Table 4 — Blood Sngm tn Pahent in Whom Signs of Latent Tetany Developed 



Value During 

Rise, Mg per 


Date 

Fasting 

100 Cc 

ReimrLs 

11/ 3/26 

0 070 

39 

Fattj diarrhea, no tetany 

11/ 4/26 

0 077 

38 

Fatty diarrhea, no tetany 

1/21/28 

0 097 

37 

Fatty diarrhea, no tetanj 

3/13/28 

0 091 

77 

Fatty diarrhea nearly gone, tetanj 

3/20/28 

0106 

89 

Fatty diarrhea nearly gone, tetany 

4/ 4/28 

0 086 

21 

Fatty diarrhea nearly gone, patient im 
proved, treated ivith a preparation of 
parathyroid and caleium 

4/17/28 

0 105 

60 

Fatty diarrhea nearly gone reappearance 
of tetany m spite of treatment ivith a 
preparation of parathyroid and calcium 


so was the blood sugar value during fasting Both curves went down low 
when the patient improved 

On Nov 21, 1926, the calcium content of the blood was determined 
by A Brems and found to be 10 86 mg per hundred cubic centimeters, 
which IS a normal value No more determinations of calcium could be 
made, as the veins in the arms of the patient were obliterated from 
numerous venipunctures, and the veins of the legs had been treated 
with injections for varices 

For that matter, tetany is a rather frequent phenomenon m idio- 
pathic steatorrhea, it was demonstrated in no less than six of the 
thirteen patients (table 2, nos 1, 3, 4, 6, 9 and 10) Of the seven 
patients without a sign of tetany, two (nos 11 and 12) had recovered 
from the intestinal lesion, and two others (nos 7 and 8) had improved 
considerably Of the six patients with tetany, five (nos 1, 3, 4, 9 and 
10) had low blood sugar curves, the blood sugar curve of the sixth 
(no 6) was really not low but, rather, low-leveled, with a low initial 
value and a relatively low maximal value In the patient with Gee- 
Herter’s disease (no 9), the signs of tetany were present only on a 
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pievious admission to the hospital, tetany could not be made out at the 
time that the blood sugai cuives weie examined 

These obseivations, howevei, did not give an explanation of the 
peculiai connection between the manifestation of tetany and the liighei 
use of the blood sugar in patient E H (table 2 no 4, and table 4) 
One would lathei expect the tetany to be a contiibutory cause of the 
low blood sugai cuive This view is suppoited by the expeiimental 
lesults of Undeihill and Blathei wick and Undeihill and NellaiO- 
These authois found the blood sugai percentage in dogs falling to 0 
aftei thyiopaiathyioidectomy They thought that this hypoglycemia was 
caused by the absence of the paiathyioid glands, since the symptoms of 
athyreosis subsequent to thyioidectomy do not develop foi some time 
The}'- also stated that hypoglycemia, aftei the extirpation, was piesent 
befoie the appeal ance of tetany These obseivations, howevei, aie con- 
tested by Hastings and Muiray,^^ who could not make out any decrease 
in blood sugar after the removal of the parathyioid glands The 
investigations b}'- Salvesen^* aie also at variance with these results, 
for he found the blood sugai cuive noimal in the acute stage of tetany, 
as well as in the latent stage after parathyroidectomy Salvesen’s 
curves, howevei, have the diawback that the deteiminations of the blood 
sugar weie made at inteivals of one-half hour Salvesen thought that 
there was some connection between the calcium content of the blood and 
the tolerance of dextiose in parathyi oidectomized animals, for the 
toleiance was lowei when the calcium content of the blood was low 
So neithei the clinical expeiiences nor the expeiimental lesults give 
any adequate explanation of the connection between tetaii} and the 
rise of the blood sugai cuive 

Theie is no deinonstiable connection between the height of the 
blood sugar cuive and the duration of the disease, but, apait fiom this, 
it is difficult to obtain any usable infoimation about how long the 
patients have had steatorihea The blood sugar curve in patient 2 
(table 2) was extiemely low in spite of the fact that he had not defi- 
nitely had steatorihea moie than one-half year, whereas the cuives of 
patients 5 and 6 showed a higher use, although they had suffeied 
from steatoirhea foi four yeais, at least 

We attach consideiable impoitance to the use of the blood sugar 
cuive as a diagnostic aid in the classification of the diseases that come 
under the head of chionic steatorrhea In the pancreatogenic form, 
we find a diabetic cuive as the lesult of a lowei ed function of the 
panel eatic islands There are exceptions, but in eight cases of pan- 


11 Underhill, F P , and Blatherwick, NR J Biol 

12 Underhill, F P , and Nellans, C F J Biol Chem 48 557, 1921 

13 Hastings, A B , and Murray, H A J Biol Chem 44 233, 1921 

14 Salvesen, H Acta med Scandinav, (supp 6), 1923, p 1 
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creatogenic steatorrhea we saw only one in which there was a nor- 
mal blood sugar curve In alcoholic steatorrhea, the curve either is 
normal or shows a maiked rise followed by a fall to hypoglycemic 
values As shown by Meulengiacht,^® in this condition the blood sugai 
value may diop to 0 033 mg, oi even down to 0 001 mg per bundled 
cubic centimeteis 

How the mattei stands m enterogenic steatorrhea fiom tuberculosis 
of the mesenteric lymph glands has not yet been studied so fai as we 
know 

The frequent appearance of the low blood sugar cuive in sprue is 
of further importance in connection with the question, still under dis- 
cussion, whether spiue is i elated to or identical with pernicious anemia 
(Elders As the blood sugar curve in the latter, accoiding to 
Johnsson and Meulengracht and Iversen,^® is most frequently normal 
or increased, one assumes that these observations aie against such a 
1 elationship 

A later report will deal with some investigations of how the low 
blood sugar cuives develop For the present, it may be stated that 
for a number of patients with idiopathic steatonhea the lespiratory quo- 
tient befoie and after the ingestion of dextiose has shown that the 
dextrose is absorbed and metabolized Thus, the low blood sugar curve 
cannot be due to any disturbance of absorption, which would otheiwise 
be an explanation, as the chief symptom of these diseases, the fatty 
diarrhea, is due to impaired absorption of the fats m the food 

SUMMARY 

The teim “low blood sugar curve” has been proposed and defined 
as a curve with a use of 40 mg per hundred cubic centimeters or less 

The frequent occurience of low blood sugar cuives in idiopatnic 
steatorrhea (tropical sprue, nontropical sprue and intestinal infantilism) 
has been pointed out, and its differential diagnostic significance has been 
mentioned 

A case of nontropical sprue has been described, in which the low 
blood sugar curve became normal at the same time that the patient 
showed signs of tetany 

15 Meulengracht, E Acta med Scandinav (supp 26), 1928, p 181 

16 Elders, C Indische Spruwes, Gravenhage, 1918 

17 Johnsson Acta med Scandinav (supp 3), 1922, p 139 

18 Meulengracht, E, and Iversen, Poul Deutsches Arch f khn Med 
148 1, 1925 



FURTHER OBSERVATIONS ON THE CONTOUR OF 
NORMAL AND OF TUBERCULOUS CHESTS'^ 

S A WEISMAN, MD 

MINNEAPOLIS 

T, he shape of the iioimal and that of the tubeiculous chest aie so stiik- 
that a study of their diaineteis proves very iiitei estiiig A 
few }eais ago, while examining chests at the University dispensai}^ it 
appealed to me that the tuberculous chest was not flat, as is still a 
common belief, but lathei lound This led me to cany on a series of 
measurements on noimal and tubeiculous chests, and I repoited my 
obseivations in The Joui'iial of the Anieiican A^edical Association in 

19271 

Since that time I have made fuither obseivations on the contoui of 
noimal and of tubeiculous chests and shall repoit them at this time To 
make myself cleaiei, howevei, I shall give a brief leview of my pievi- 
ous 1 epoi t 

The thoiacic index, which is the latio of the anteioposteiior diam- 
eter to the tiansveise at the nipple line, was found to be gi eater in the 
tuberculous than in the noimal chests In 140 patients 111 whom a 
definite diagnosis of pulmonaiy tubeiculosis was made, the aveiage 
thoiacic index was found to be 75 9 per cent, while m 166 students 
of the Univeisity of Minnesota, the aveiage thoiacic index was only 
68 per cent 

The chests of iiinety-nme noimal school childien and of fifty-one 
childien at Glen Lake Sanatorium weie measuied The average 
thoracic index for the noimal childien was found to be 71 6 per cent, 
and the thoiacic index for the Glen Lake childien was found to be 
74 3 per cent 

In twenty-five cases of bionchial asthma and chronic bionchitis 
occuiimg in adults, the aveiage thoracic index was 82 8 pei cent, 
an interesting group of patients, foity in all, who came to the Univeisitv 
dispensary with ailments of the chest, but who on physical and 
loentgen examinations disclosed no definite pathologic piocesses, showed 

an average thoiacic index of 71 4 pei cent 

These figuies lend to show that the noimal chest is appi oximately 
11 pei cent flatter than the tuberculous chest and 20 pei cent flattei 
than the chests of persons with cliiomc bionchitis and asthma 

' Submitted for publication, Jan 30, 1929 
Read before the Southern Medical Association, Rochester, Minn , Oct 6 , ly S 

“ From the Department of Medicine, University of Minnesota Medical School, 

and the Glen Lake Sanatorium, Oak Terrace, Afinn t a at a 

1 Weisman, S A Contour of Normal and Tuberculous Chests, J A M 

89 281 (July 23) 1927 
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The chests of children also show a definite difference 

The vital capacity averaged 4,300 cc in the normal students and 
2,650 cc in the tuberculous patients 

In this paper, I shall report two further observations the length- 
width index and the length-depth index The length-width index is the 
ratio of the width of the chest to the length, and the length-depth index 
IS the ratio of the depth of the chest to the length The length of the 
chest was measured from the lower border of the tenth rib to the upper 
margin of the outer third of the clavicle about 2 inches (5 08 cm) 
outside of the nipple line The width and the depth of the chest were 
taken at the nipple line An ordinary pelvimeter was used graduated 
with a centimeter scale 

Just one hundred years ago Chomel ^ observed the difference between 
the shape of noimal and of tuberculous chests Hutchinson,® in 1897, and 
again in 1903,^ made a careful study of normal and tuberculous chests 
and showed not only that the tuberculous chest is rounder, but that it is 
narrower and deeper, and that it is a prematuie, undeveloped thorax, 
one approximating that of the quadruped type 

The chest of the fetus is deepei than it is wide, as shown by the 
investigations of Muller ® and Hutchinson A gradual development 
takes place until birth, as shown by Scainmon and Rucker,® when the 
chest IS almost lound with a thoracic index of 86 per cent With the 
establishment of respiration it rises to 106 per cent, and it is about the 
third month befoie the thoracic index i caches the measurement it had 
at birth 

The chest gradually changes in shape, becoming flatter, until about 
the twentieth year, as shown by a careful study by Zeltner ’’ The vital 
capacity is greatest at this age, as shown by Stewart ® From this time 
on the chest begins to change and assume a more rounded form until 
development ceases, in about the sixtieth year, as shown by Weisenberg ® 

2 Chomel Mensuration du thorax, Gaz d hop 1 213, 1828-1829 

3 Hutchinson, Woods Some Deformities of the Chest in the Light of Its 
Ancestry and Growth, J A M A 29 512 (Sept 11) 1897 

4 Hutchinson, Woods Is the Consumptive Chest Flat^ J A M A 40 1196 
(May 2) 1903 

5 Muller, Charlotte Zur Entwicklung des menschlichen Brustkorbes, 
Morphol Jahrb 35 591, 1906 

6 Scammon, R E, and Rucker, W H Changes in the Forms and Dimen- 
sions of the Chest at Birth and the Neonatal Period, Am J Dis Child 21 552 
(June) 1921 

7 Zeltner, E Thorax Studien, Munchen med Wchnschr 66 1407, 1919 

8 Stewart, C A The Vital Capacity of the Lungs of Children m Health 
and Disease, Am J Dis Child 24 451 (Dec ) 1922 

9 Weisenberg, quoted by Zeltner (footnote 7) 
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In 1904, Malone showed by pantogiaphic tiacmgs that the healthy 
chest was wider and flatter than the tubeiculous chest, and that in two 
chests of the same size, the one with a low thoiacic index has a greatei 
cross-sectional aiea and a gieatei vital capacity, as shown in figuie 1 

Fioni these facts one may assume that the chest of a person 21 yeais 
of age, having the diameter measuiements of a child’s chest is, in all 
piobabiht}^, undeveloped It is this type of chest which is moie often 
associated with tubeiculosis I believe this to be tiue, as I will tend 
to show fioni a study of vaiious diameteis of the chest in a fair numbei 
of cases 

111 Older to check the lesults of my fiist leport, I measuied a new 
group of noimal and tubeiculous chests This series consists of 443 stu- 
dents of the University of Minnesota and 316 patients fiom the Glen 
Lake Sanatorium, 132 females and 184 males The childien and the 
patients ivith asthma aie the same as those measured befoie 

RESULTS 

Length-Width Index in Men — For normal chests I measuied 
443 students of the Univeisity of Minnesota The average length- 
width index was 78 4 pei cent This aveiage, howevei, is over 9 pei 
cent smaller than that shown in Hutchinson’s senes (85 5 pei cent) of 
less than 100 cases 

The length-width index m m)’’ series of 184 tuberculous men was 
77 1 per cent This figuie is also less than that (79 9 per cent) shown 
111 Hutchinson’s series of only nineteen tubeiculous patients and that 
of Diaper’s series (87 6 pei cent) of seventy-five cases 

Hutchinson’s results show that tubeiculous chests aie about 6 pei 
cent nai lower than noimal chests, while in my series a difference of 
only about 1 7 pei cent is shown After I determined the probable 
eirois in the noimal and tuberculous senes I found that the actual 
difference, in terms of probable error between the length -width index 
in normal and in tuberculous chests was only 2 5, which is perhaps not 
of gieat significance 

Length-Width Index in Women — The length-width index in 132 
cases of tubeiculous chests in women was slightly less than that in men, 
namel}'', 76 1 per cent Diaper’s series of twenty-eight cases showed 
an average length-width index of 771, which is a diffeience of only 
about 1 per cent From these figures, it appears that the tuberculous 
chest of a woman is nariower than that of a man 

10 Malone, F R The Relation of Chest Contour to Lung Capacity, J A 
M A 43 783 (Sept 17) 1904 

11 Draper, George Human Constitution, Philadelphia, W B Saunders 
Company, 1924 
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Length-Depth Index m Men — ^The length-depth index, which is 
the latio of the depth of the chest to the length, showed a marked 
difference between normal and tubeiculous chests The length-depth 
index for the students averaged 52 5 per cent and for the tubeiculous 
men, 59 7 pei cent The difference is 14 8 in terms of probable erroi, 
which IS very significant These figures tend to corroborate the observa- 
tions of the thoracic index in my previous report, namely, that the 
healthy chest is the flat one, not the tuberculous chest 

Hutchinson's and Draper’s series of cases, which have been men- 
tioned before, show the length-depth index to be even deepei Malone’s 
series, too, showed that the length-depth index was greater in the 
tuberculous than in the normal person, as shown by a typical tracing 

(fig 1) 




Fig 1 — Pantographic tracings from Malone In the tracing of the sternum 
a represents the deep chest and b the flat chest 

Length-Depth Index in IVomen — In an examination of 132 tubei- 
culous chests in women, the length-depth index averaged 58 2 per cent, 
while in Draper’s series of twenty-eight cases it was 64 7 per cent 
Diapei’s series showed the chest of a woman to be deepei, while my 
series show the reverse Draper’s senes, howevei, consisted of only 
twenty-eight cases Rodes,^“ too, stated that in the negro the female 
thoiax IS rounder than the male thorax 

These measurements, therefore, show that the tuberculous chest of 
the adult tends to be narrower and definitely deeper than the healthy 
chest (fig 2) 

Measw ements of Childien’s Chester — The same group of ninety- 
nine Bremer school children was used for measui ements of normal 
chests and fift}-one children from the Glen Lake Sanatorium for 
abnoimal chests 

12 Rodes, C B The Thoracic Index in the Negro, Ztschr f Morphol u 
Anthrop 9 102, 1906 
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The average length-width index for the chests of fifty-foui noimal 
boys was 82 6 per cent, while that of the twenty-four abnormal chests 
was 84 8 per cent Heie the abnormal chest was the widei by 2 5 m 
teims of piobable error The same thing was found m the chests of 
girls The length- width index for the noimal child was 83 pei cent 
and foi the abnoimal child 85 9 per cent, a dififeience of 2 9 in terms of 
probable eiror This is piobably more significant because of the fact 
that the average age of the abnoimal children is less than that of the 
noimal children by about two yeais 

Theie was, howevei, a noticeable difference in the length-depth 
indexes between the children in the noimal and abnormal groups The 







B 


D 


HI 


Fig 2 — Diagramatic sketch of chest diameters A represents the length-uidth 
index of the normal chest, F, the length-width index of the tuberculous chest, C, 
the length-depth index of the normal chest, D, the length-depth index of the 
tuberculous chest, E, the thoracic index of the normal chest and F, the thoracic 
index of the tuberculous chest 

noimal boys showed an average length-depth index of 59 3 per cent, 
while that of the abnormal boy was 62 6 per cent, a difference of 3 1 in 
terms of probable eiror 

The chests of the girls showed even a greatei difference Ihe 
average length-depth of the normal girl was 58 6 pei cent and that of 
the abnormal girl was 64 3 per cent, a diffeience of 6 9 m terms of 
probable error 

These childien, although a diagnosis of active tubeiculosis was not 
positively made m every case, showed a definitely deeper chest than the 
normal school children 
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5? oncJnal Asthma and Chi omc Bi oncJnectasis — ^There were eleven 
men and fourteen women with bronchial asthma and chronic bronchi- 
ectasis The average length-width for the men was 82 2 pei cent, a 
difference of about 6 per cent from the normal, but only about 1 in 
terms of probable erior The significant difference, however, is again 
m the length-depth index which is about 31 per cent or 4 5 in teims of 
probable error 

The aveiage length-width index for the cases occurring in women 
IS 76 4 per cent, and the length-depth is 59 9 per cent 

In Diaper’s series of sixteen cases of asthma, consisting of five men 
and eleven women, the length-width index for the men was 86 4 per 
cent and for the women 90 7 per cent , the length-depth index for the 
men was 78 per cent and for the women 70 7 per cent 



Fig 3 — Comparison of the length-width and length-depth indexes of adults 
The chests of 443 normal men and of 187 tuberculous men and 130 tuberculous 
women were measured 


From the figures thus far shown m this report and a close study 
of figure 3, one cannot help coming to the conclusion that the deep, 
narrow, round chest is more frequently associated with tuberculosis 
than the flat, wide one 

Respiratory diseases of the nose and throat are important factors 
in hindering the proper development of the chest (Hofbauer 
Chronic diseases, chronic bionchitis and asthma in early childhood also 
play an important role in affecting the proper development of the chest 

COMMENT 

I should like to emphasize again the importance of measuring the 
chests of children as a routine so as to be able to select those children 

13 Hofbauer, Ludwig Mund- und Nasenatmung in ihrem Einfluss auf die 
Thoraxbewegung, Arch f d ges Physiol 147 271, 1912 
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who show a chest that appears underdeveloped This being done, proper 
exercises such as climbing ladders backward, climbing ropes and trees, 
work on parallel bars, gymnasium rings, baseball and tennis are desir- 
able Gotz found that under the pioper management and exercises 
the vital capacity of the lungs increased 

CONCLUSIONS 

1 The tuberculous chest appears to be round, deep and nairow 

2 The healthy chest tends to be flat and wide 

3 There is evidence that exercise in early childhood can help to 
develop properly the undeveloped chest 

14 Gotz, H Modification of Child Chest bv Gymnastics, Monatschr f 
Kinderh 30 97 (May) 1925 



SUGAR TOLERANCE IN ARTHRITIS 

I CHRONIC INFECTIOUS ARTHRITIS'' 

BENJAMIN H ARCHER, MD 

new YORK 

Dietetic tieatment foi patients with chronic aithntis has exeicised 
- the minds of mvestigatois and clinicians for many years For a con- 
sideiable time, it was believed that the piotems constituted an undesir- 
able pait of the diet of an arthritic patient It was felt that an excess 
of line acid in the blood was lesponsible for many conditions of the 
joints This conception persisted until Garrod ^ demonstiated that m 
gout alone, of all the rheumatic conditions, theie was a definite excess 
of any piotein metabolite in the blood In spite of this, theie is still 
considerable confusion as to the idle that the piotems play m the causa- 
tion of disease of the joints It may be stated at this time that, with 
the possible exception of those laie cases in which a definite food 
sensitization is piesent and is demonstiable by skin tests, the protein 
metabolism is normal in chionic aithntis 

In 1920, Pembeiton and Foster ^ repoited a diminished sugar toler- 
ance 111 most cases of chronic infectious arthiitis They fuither dem- 
onstrated that the more severe the arthritis, the moie diminished was 
the tolerance for dextrose These observeis also found that theie was 
an increase in sugar toleiance after the lemoval of foci of infection, 
and concluded that the diminished sugar toleiance present in these cases 
was intimately associated with the piesence of focal infection Then 
observations were corroboi ated, in 1922, by the investigations of 
Fletcher® who found a diminished sugar toleiance m a large majority 
of his cases of chionic infectious arthiitis described b}^ him as the 
“penal ticular aithntis of McCiae” He was unable to demonstrate, 
howeier, that the deciease m sugar tolerance in these cases was i elated 
to the seventy of the disease 

■*= Submitted for publication, Dec 5, 1928 

* From the Cornell Clinic and the Medical Department of the Cornell Unner- 
sity Medical College 

1 Garrod, A B Med Chir Tr London 25 83, 1848 

2 Pemberton, R , and Foster, G Studies on Arthritis in the Armi"^ Based 
on Four Hundred Cases III Studies on the Nitrogen, Total Fat and 
Cholesterol of the Fasting Blood, Renal Function, Blood Sugar and Sugar 
Tolerance, Arch Int Med 25 243 (March) 1920 

3 Fletcher, A Almon Dietetic Treatment of Chronic Arthritis and Its 
Relationship to the Sugar Tolerance, Arch Int IMed 30 106 (Juh) 1922 
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Since the initial work of Pemberton and Foster, the low carbohy- 
drate diet has been in vogue with clinicians generally This type of diet 
has been employed by me in the Cornell arthiitis clinic foi the past five 
years Aftei some time, it became apimrent that the obese, middle-aged 
women who had the arthritis of the menopause were consideiably 
helped by a lestriction of their carbohydrate intake, but that the 
undernourished patients who had chronic infectious arthritis weie 
unaffected by this foim of tieatment or, as happened moie frequently, 
were made definitely worse by reduction of their caloiic intake The 
lattei were often undei weight to begin with, and a low carbohydrate 
diet produced in them a state of ph 3 fsical exhaustion without any com- 
pensating lelief from their joint symptoms 


Table 1 — Clinical Data on Twenty Cases of Cliiomc Infections Aithutis 


Xo 

Name 

Sex 

Age 

Weight, 

Pounds 

Height, 

Indies 

Avenge 

Weight 

Pounds 

Blood 

Pressure 

Duration 

Severity 

1 

D B 

F 

32 

13514 

00 

121 

120/80 

2 years 

5Ioderate 

2 

A K 

F 

46 

109 

5914 

128 

104/60 

6 months 

51ild 

1 

C B 

M 

53 

165 

64% 

148 

134/94 

2 years 

Severe 

4 

E E 

F 

36 

133% 

61% 

129 

120/70 

4 years 

Severe 

0 

S E 

F 

37 

104% 

62 

127 

121/80 

5 3 oars 

Sev ere 

6 

V F 

F 

30 

218 

02% 

127 

114/60 

18 months 

51ild 

7 

J L 

JM 

23 

130 

65% 

141 

120/78 

Syeirs 

51ild 

8 

JI B 

F 

47 

139 

64 

141 

120/70 

5Iany jears 

51ild 

9 

B McH 

F 

50 

107 

64% 

144 

104/70 

8 J ears 

Set ere 

10 

H W 

F 

47 

111% 

65 

140 

120/70 

6 jears 

5Ioderate 

11 

D G 

F 

26 

120% 

60% 

119 

110/70 

18 years 

51ild 

12 

D A 

M 

57 

133 

04% 

145 

llO/Cs 

5 3 ears 

5Ioder ite 

13 

F K 

F 

20 

106 

61% 

119 

110/60 

5 years 

Severe 

14 

r C 

F 

27 

131 

64% 

130 

110/60 

2 months 

5Ioderate 

ll 

M T 

F 

31 

150% 

66% 

139 

120/82 

1 year 

51ild 

16 

G t 

51 

51 

1S6 

68% 

168 

120/80 

2 months 

Set ere 

17 

J M S 

F 

so 

102 

62 

124 

130/80 

3 months 

Mild 

IS 

0 N 

F 

4S 

104 

62 

130 

130/90 

10 years 

5Iild 

19 

L W 

P 

5S 

10S% 

57 

127 

150/80 

10 years 

Severe 

20 

M H 

F 

36 

120% 

57 

117 

122/SO 

10 J ears 

Set ere 


These clinical observations led to an investigation of the sugar tolei- 
ance in the two types of aithiitis described ■* Foity cases were selected 
as a basis for this study twenty cases of the aithiitis of the menopause 
and an equal numbei of the chionic infectious type These cases were 
all typical and presented the characteristic signs and symptoms of their 
group This repoit is confined to a consideration of the infectious type 

As previously described,^ chronic infectious aithritis is piimarily a 
disease of early adult life, and manifests itself as a migratory, poly- 
aiticular condition of the joints, characterized by swelling, pain and 
stiffness of the parts affected The fusiform finger joint piesents the 
typical picture As seen in table 1, there were sixteen women and foui 

4 Cecil, R L, and Archer, B H Classification and Treatment of Chronic 
Arthritis, J ’ A m’a 87 741 (Sept 4) 1926 

5 Cecil, R L, and Archer, B H Chronic Infectious Arthritis, Am J 

M Sc 173 258 (Feo ) 1927 
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men in this senes The average age was 39^ yeais, the average weight 
130 8 pounds (5 9 Kg), and the aveiage height 5 feet 2^ inches 
(1 59 meters) The noimal Aveight for patients of this age and height 
IS 133 8 pounds (6 Kg ) The patients m this group were slightly 
underweight The mean systolic blood pressure was 119 mm, and the 
mean diastolic piessure 74 mm Two of the patients had a systolic pies- 
sure of 150 oi more, but only one had a diastolic piessure of moie 
than 90 One of the patients was found to have hyperthyioidism with 
a basal metabolic rate of plus 20 In one othei case theie was a sug- 
gestion of an endociine dyscrasia It has been shown that obesit},’’ 
hypertension ’’ and endocrine dysci asia ® may influence the blood sugai 
cuive A study of the foiegoing data shows that few of the extrdiieous 
factors that may influence the sugar toleiance weie opeiatne in this 
senes 


METHOD 

The dextrose tolerance test was conducted according to the method of Hamman 
and Hirschman ” The patient came to the clinic on the morning of the test 
without any breakfast At 9 a m , samples of blood and urine were obtained, 
and the patient was given 100 Gm of dextrose and 200 cc of water At 9 30 
a m , samples of blood and urine were taken At 10 a m , this procedure was 
repeated, and the patient was given 200 cc of w'ater At 11 a m , samples of 
blood and urine were obtained and the patient was again given 200 cc of water 
At 12 m , the final samples of blood and urine were collected All of the patients 
were given the dextrose by mouth as the intravenous route w^as felt to be imprac- 
ticable and undesirable m this investigation Lennox’" showed that there was 
a general correspondence in the results obtained when using both the ingestion 
and intravenous methods of administering dextrose Both Pemberton and Fletcher 
used the alimentary method in their research into this problem 

For the quantitative determination of the blood sugar the Benedict ” modifica- 
tion of the Lewis-Benedict ’■ method was used throughout The tests w'cre con- 
ducted in the Cornell Clinical Pathological Laboratory under the supervision of 

6 Paullin, J E, and Sauls, H C Study of the Glucose Tolerance Test in 
the Obese, South M J 15 249, 1922 

7 O’Hare, J P Glucose Tolerance Test in Chronic Vascular H\ pertension. 
Am J M Sc 159 369 (March) 1920 Herrick, W W H\ pertension and 
Hyperglycemia, J A M A 81 1942 (Dec 8) 1923 

8 Janney, N , and Isaacson, J The Blood Sugar and Thj roid and Other 
Endocrine Diseases The Significance of HypogljTemia and the Dela\ed Blood 
Sugar Curve, Arch Int Med 22 160 (Aug ) 1918 

9 Hamman, L, and Hirschman, F L Alimentary H\perghcemia and 
Glycosuria as a Test for Sugar Tolerance, Arch Int IMed 20 761 (I\o\ ) 1917 

10 Lennox, W D Blood Sugar, Arch Int Med 40 182 (Aug ) 1927 

11 Benedict, S R Note on the Determination of Blood Sugar by the 
Modified Picric Acid Method, J Biol Chem 37 503 1919 

12 Lew'is, R , and Benedict S A ^Method for the Estimation of Sugar in 
Small Quantities of Blood, J Biol Chem 20 61, 1915 
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Dr Thro In their original work Pemberton and Foster employed this method 
exclusively and found it satisfactory and uell adapted for this type of investiga- 
tion Fletcher used the Folin and Wu“ technic for blood sugar determination 

COMMENT 

The results of the tests ate given in table 2 

The mean level duiing fasting in this senes v^as 0 108 pei cent 
Half an hour after the ingestion of the dextrose, the mean reading for 
the group was 0 146 per cent At the end of an houi, this figure was 
loweied to 0139 pei cent, at the end of two hours, it was 0119 per 
cent , after three hours, the curve dropped to 0 102 pei cent The highest 


Table 2 — Obscivaiwns on the Blood and Unne 




Blood Sugar, Mg 

per 100 Ce 



Hrine Sugar 


No 

East- 

ing 

%Hour 

IHour 

2 Hours 3 Hours 

Eirst 

Test 

Second 

Test 

Third 

Test 

Fourth 

Test 

Tifth ' 
Test 

1 

107 

125 

115 

100 

75 

0 

0 

0 

0 

0 

2 

100 

150 

125 

100 

75 

0 

0 

0 

0 

0 

3 

107 

125 

150 

136 

115 

0 

0 

0 

0 

0 

4 

100 

150 

150 

125 

100 

0 

0 

0 

0 

0 

5 

107 

150 

125 

100 

100 

Slightly Slightly 

+ 

0 

0 

6 

100 

150 

136 

100 


reduced 

0 

reduced 

0 

0 

0 

0 

7 

125 

166 

150 

125 

120 

0 

0 

0 

0 

0 

8 

100 

150 

125 

115 

100 

0 

0 

0 

0 

0 

9 

100 

150 

125 

100 

90 

0 

0 

0 

0 

0 

10 

-107 

150 

136 

107 

100 

0 

0 

0 

0 

0 

11 

115 

150 


187 

150 

0 

0 

0 

0 

0 

12 

120 

166 

150 

150 

125 

0 

0 

0 

0 

0 

13 

107 

125 

115 

75 

60 

0 

0 

0 

0 

0 

14 

107 

125 

150 

125 

107 

0 

0 

0 

0 

0 

15 

115 

150 

136 

125 

115 

0 

0 

0 

0 

0 

16 

125 

166 

187 

136 

120 

0 

0 

0 

0 

0 

17 

88 

125 

136 

100 

75 

0 

0 

0 

0 

0 

18 

125 

166 

136 

100 

100 

0 

++ 

+ + 

0 

0 

19 

115 

136 

166 

150 

115 

0 

0 

0 

0 

0 

20 

100 

150 

130 

125 

107 

0 

0 

0 

0 

0 


level during fasting in the series was found to be 0 125 pei cent and 
the lowest level 0 088 per cent The maximum concentration in any one 
case after ingestion of the dextrose was 0 187 per cent The minimum 
response was 0 125 pei cent Glycosuria was piesent in only two cases 
of the entile senes 

To inteipret propeily the significance of the cuives obtained it is 
necessary to set a normal standard The question of what constitutes a 
normal surgar tolerance curve involves two factois, namely, its height 
and its extent Various obseivers have gnen diverse figures as their 
conception of the maximum noimal percentage of the sugar concentia- 
tion m the blood aftei the ingestion of a test load of dextrose 

13 Folin, O , and Wu, H A System of Blood Analysis I A Simplified 
and Improved Method for the Determination of Sugar, J Biol Chem 41 367 
(March) 1920 
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Jacobsen/'‘ MacLean and de Wesselow/^ Fletcliei,^ and Spence con- 
sidered 0 17 per cent as the upper postpiandial limit in noimal subjects 
On the other hand, Hamman and Hiischman,® Pemberton,- and 
Hopkins,^" believed that 015 per cent is the noimal maximum concen- 
tration after giving dextiose Still othei obseiveis have leported much 
highei figuies Goto and Kuno^® found that the aveiage fasting blood 
sugar concentration during fasting of 0 092 per cent i ose to a maximum 
of from 0 125 to 0 185 per cent after tbe ingestion of dextiose, while 
SakaguchO'’ gave fiom 0133 to 0191 per cent as the figuies for the 
uppei noimal limit 

With so much disci epancy as to the maximum noimal lange follow- 
ing a test load of dextiose, it remained foi Giay to collect 452 sugar 
tolerance curves in clinically noimal subjects and set a noimal standard 
This he did by analyzing 300 curves of this gioup which had been 
obtained after feeding 100 Gm of dextiose or its equivalent As the 
standards set by othei observers aie based on lelatuely small groups of 
cases, Gi ay’s conclusions are important The study of his 300 curves shows 
that the normal lange is between 011 and 0 16 pei cent, but that theie is 
a large range of higher values In his senes of 452 cuives obtained 
aftei giving various test loads of dextiose, sixty-five, oi 14 per cent of 
the group, showed a maximum value of more than 0 17 per cent In 
the gioup of 300 subjects given 100 Gm of dextrose, thirty-eight, or 13 
per cent, gave a maximum concentration of moie than 0 17 per cent 
This means that in one of seven cuives theie is apt to be a peak above 
0 17 per cent, even in a series of clinically noimal subjects Giaj, how- 
ever, considered sugai toleiance peaks of moie than 0 17 per cent as 
abnoimal and, as he stated, “the definition of the impoit of values of 

14 Jacobsen, A Untersuchungen uber den Emfluss verschiedener Nahrung- 
smittel auf den Blutzucker bei normalen, zuckerkranken, und graviden Personen, 
Biochem Ztschr 56 471, 1913 

15 MacLean, H, and de Wesselow, O L V The Estimation of Sugar 
Tolerance, Quart J Med 14 103 (Jan) 1921 

16 Spence, J C Some Observations on Sugar Tolerance, with Special 
Reference to Variations Found at Different Ages, Quart J Med 14 314 (JuU) 
1921 

17 Hopkins, A H Studies m the Concentration of Blood Sugar in Health 
and Disease as Determined by Bang’s Micro-Method, Am J Sc 149 254 
(Feb) 1915 

18 Goto, K , and Kuno, N Studies on Renal Threshold for Glucose Arch 
Int Med 27 224 (Feb ) 1921 

19 Sakaguchi, K Beitrage zur Diabetesforchung Erste iMitteilung Ueber 
den Emfluss von Menge, Art und Zeit der Kohlenhydratzufuhr auf den Blut- 
zuckergehalt beim gesunden Menschen, Mitt a d med Fakult d k Unu zu 
Tokyo, 20 345, 1918 

20 Gra}^ H Blood Sugar Standards, Arch Int Med 31 241 (Feb) 1923 
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0 17 per cent and ovei can justly be made only in the future when the 
aftei-histoi) of these or snndai exceptional subjects shall have been 
leported ” 

Fletchei took this figure as the uppei noimal limit, but Pemberton 
and Fostei considered 015 per cent as the acme of blood sugar concen- 
tiation aftei the feeding of 100 Gm of dextrose As their conclusions 
were based on the examination of only eight noimal subjects, it was felt 
advisable in this investigation to adopt the standard set by Giay 

Hamman and Hiischman.'’ in then original report, stated that aftei 
the ingestion of 100 Gm of dextrose, the resulting cuive should return 
to noimal in fiom two to three hours This is conceded by practically 
all observeis MacLean and de Wesselow found that the extent of 
the cm \ e depended on the amount of dextrose given When 25 Gm ai e 
fed to a noimal subject, the curve drops to the piedextrose level in 
ninety minutes, when 50 Gm are used, in about two hours, and, with 
gi eater amounts, in from two to thiee hours Spence also showed that 
the retuin to noimal of the sugai tolerance curve depended on the age 
of the patient Theie is a tendency in older subjects to have a highei 
and more prolonged cuive 

If a postprandial reading of blood sugar of more than 0 17 per cent 
IS considered to be an evidence of a diminished toleiance foi dextrose, 
one finds that only two cases, or 10 per cent of the series, fall into this 
category In case 11, the maximum concentration leached was 0 187 per 
cent This was the figui e for two houi s , the figure for one hoiii is 
unavailable, because insufficient blood was obtained to peiform the test 
It is reasonable to suppose that the figui e for one hour would have been 
even higher than 0 187 per cent As the curve was still at 0 15 per cent 
after three hours, this case was definitely one of diminished sugar toler- 
ance It IS interesting to note that this was a mild case of chronic infec- 
tious arthritis, although one of long duration Case 16 likewise showed 
a high maximum concentration (0187 per cent), but the return to the 
predextiose le\el was made in three hours This was a case of severe 
infectious arthiitis of short duration in a man, aged 51 

Three cases, or 15 per cent of the group, had a normal peak, but 
the curve failed to leturn to the predextrose level in three houis In 
patient 3, aged 53, with a predextiose level of 0 107 per cent the reading 
was still 0115 per cent aftei thiee hours In case 12, the reading 
langed from a fasting level of 0 12 per cent to 0 125 per cent after three 
hours In patient 20, aged 36, with a concentiation dining fasting of 0 1 
per cent, the leading was 0 107 per cent in thi ee hours The average dif- 
ference in the two levels in the three cases was only 6 mg per hundred 
cubic centimeters The aveiage age was 49, which probably accounts for 
the slight vaiiation from the noimal Howevei patient 20, aged only 
36, ma) be consideied to have had a slighth diminished sugar tolerance 
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Only one case (11) of the entiie series showed both a maximum 
concentiation of moie than 017 pei cent and a failuie of the cm\e to 
leturn to the piedextrose level in three houis Including case 16 with a 
maximum concentiation of-moie than 017 pei cent and case 20 (a 
patient, aged 36) in which the cuive failed to leturn to noimal m thiee 
houis, theie weie thiee cases, or 15 pei cent of the senes, with abnoimal 
curves This corresponds lathei closely with the obseivations of Gia} 
who lepoited departures fiom the noiinal in 13 per cent of his senes 
In the accompanying chait is seen the mean cune of the entiie senes as 
contiasted with the mean cuive of Gray’s 300 noimal patients wlio weie 
submitted to the same test 



Average curve for the senes, contrasted with tlie normal curve of Gra\ 
N represents the normal curve , A, the average curve, and U \ L , the upper 
normal limit (0 170 per cent) as established by Gray 

The predextiose level of the present senes (0108 pei cent) is con- 
sideiably liighei than that of Gray’s (0 09 pei cent) This ma} be due 
to the highei aveiage age of the gioup Gray failed to give the a\eiage 
age 111 his senes of cases, although Spence showed that the age factoi is 
impoitant in iiitei preting the lesults foi sugai tolerance In the present 
senes, the aierage maximum concentration aftei the feeding of dextiose 
was 0 146 per cent as contiasted with the noimal maximum of 0 14 per 
cent The noimal inciease m blood sugai concentiation. howeier, one- 
half hour aftei giving 100 Gm of dextrose, is 0 05 per cent In this 
gioup the aveiage inciease one-half hour aftei the test load sNas only 
0 038 pel cent As the level for the half hour is usual!) the maximum 
figuie obtained, this tends to indicate that a gieatei tolerance was piesenl 
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in the senes than in normal subjects In one hom, the normal figuie 
IS 0 03 per cent aboA'^e the preclextrose level, and m the arthntic group it 
IS 0 031 pel cent The normal curve returns to its original level in three 
hours In this gioup there was a slight drop below the predextrose level, 
a phenomenon which has been found to be a common occurrence in 
1101 mal subjects 

Although the piesence of postpiandial gIj''cosuiia as a test foi sugar 
tolerance has been discarded, it is interesting to note that only two 
patients, or 10 pei cent of the senes, showed glycosuria after the inges- 
tion of 100 Gm of dextrose This is in maiked contrast with the noimal 
figure established by Giay, ivho found that 40 per cent of 129 normal 
patients showed glycosuria after a similar test load of dextiose 

Pemberton and Foster expiessed the belief that the sugar toleiance 
in chronic infectious arthritis vanes dnectly with the severity of the 
disease They found that the moie severe the arthntis, the moie dimin- 
ished was the tolerance foi dextrose As shown in table 1, there were 
eight mild cases m the present senes, four that were considered moderate 
and eight in which the process was thought to be severe The mean 
maximum reading in the mild cases was 0 157 per cent, the aveiage rise 
from the piedextrose level was 0049 pei cent In only one case was 
there failure to leturn to the original level in three houis The average 
peak in the moderate cases was 0148 per cent, the aveiage rise from 
the predextrose level was 0 037 per cent In one case, there was a slight 
increase over the predextiose level aftei thiee houis In the eight 
severe cases the average maximum leading was 0 153 per cent, the post- 
dextrose rise was 0 046 pei cent In two of the cases, the cuives failed 
to return to the predextrose level in three hours, but in one of these the 
patient was 53 years of age and there is little significance to the slight dis- 
crepancy present As already mentioned, case 20 (a patient, aged 36) 
may be considered as shoiving a slightly diminished sugai tolerance The 
highest average peak, and tlie highest average increase in blood sugar 
concentration after a test load of dextrose weie both found to be present 
in the mild cases The severe cases shoAved loAver peaks and the 
moderate cases the lowest ar^erage blood sugai concentration of the 
three gioups In each of the thiee categoiies, there was one case in 
Avhich the curve failed to return to normal in three hours It is apparent 
from these obsenations that theie is no lelationship betAA^een the sugar 
toleiance and the seventy of the arthritic process This is in accord 
AA'ith the obserA^ations of Fletcher ® 

21 Fohn, O , and Berglund, H J Some NeAV Obsen^ations and Interpreta- 
tions AVith Reference to Transportation, Retention and Excretion of Carbohy- 
drates, J Biol Chem 51 213 (]\Iarch) 1922 Leifmann, E, and Stern, R 
Ueber Gljkaemia und GI.Akosurie, Biochem Ztschr 1 299 (July 18) 1906 
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Pembeiton and Foster^ also demonstrated a relationship between 
foci of infection and sugar toleiance Their obser\ations were cor- 
roborated by Pringle and Milleip" and more lecently by Kvans, Riding 
and Glynn The original observers found that the removal of definite 
foci of infection was followed soon after by an increase m the tolerance 
foi dextrose In the present senes, foci of infection were demonstrable 
in eighteen of the twenty cases (table 3) In five cases more than one 
focus of infection was piesent Diseased tonsils, alone oi in combina- 
tion with other foci, were the source of infection m fifteen, oi 75 per 
cent, of the cases Apical abscesses, alone or m combination with other 
foci, were present m five cases, or 25 per cent of the senes Pyonhea, 
both mild and moderate, was found in a number of patients, but was not 
thought severe enough to be consideied as a source of infection The 
pioportion of cases of tonsillar infection to those of infection of the 


Table 3 — Foci of Infection and Then Relationship to the Snqai Toleiance Test 




EocI 

Poci 



Foci 

Foci 



Present 

Removed 



Present 

Removed 



at Time 

Before 



at Time 

Before 

No 

Name 

of Test 

Test 

No 

Name 

of Test 

Test 

1 

D U 

None 

Tonsils 

11 

D G 

Tonsils 

None 

2 

A K 

Tonsillar stubs, 

None 

12 

r> A 

Sinuses, epididymis 

None 



teeth 


13 

E K 

None 

'ionsils 

a 

O R 

None 

Tonsils 

14 

E 0 

None 

Tonsils 

4 

E E 

Tonsils 

None 

15 

M T 

Tonsils 

None 

5 

S E 

None 

Tonsils, teeth, cervix 

16 

G V 

Prostate, tonsils 

None 

6 

V E 

Tonsils, cervix 

None 

17 

J M S 

Sinuses 

None 

7 

S L 

Teeth 

Tonsils 

15 

C N 

None 

Icetb 

8 

M B 

None 

None 

19 

L W 

Tonsils 

Teeth 

9 

B McH 

Bronchi 

None 

20 

M H 

Tonsils 

None 

10 

H W 

Tonsils 

None 






teeth IS a little higher m this group than m the larger senes of cases of 
infectious aithntitis reported a yeai before the present aiticle Othei 
organs consideied to harbor foci weie the sinuses (two cases), the 
cei-vix (two cases), and the prostate, epididymus and bionchi (one 
case each) 

All of these cases weie active, and the patients ueie under tieatment 
at the clinic None could be consideied as belonging to the group which 
Pemberton and Foster in their lepoit called ‘Ton\ alescent ” As shown 
in table 3, active foci weie piesent at the time that the sugar tolerance 
test was peifoimed m thiiteen, or 65 pei cent, of the cases Original 
foci had been lemoved but the disease was still active at the time the 
test was given in six cases, oi 30 pei cent of the senes In tuo cases, 
oiiginal foci had been lemo^ed but othei foci were present and actne 

22 Pringle and Miller Glucose Tolerance m Chronic Arthritis, Lancet 
1 171 (Jan 27) 1923 

23 Evans, Riding, and Glynn The Influence of Oral Sepsis upon Carbohi- 
drate Tolerance in Non-Diabetics, Lancet 2 592 (Sept 17) 1927 
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at the time of the sugai tolerance detei mmation In one case, theie was 
no demonstiable focus noi did the history throw an} light on any 
oiiginal souice of infection 

The aveiage maximum blood sugar concentration in the thirteen 
cases with demonstrable foci was 0158 per cent The aveiage pre- 
dextiose level of this group being 0 108 pei cent, it is found that aftei 
a test load of dextiose, there was an mciease in blood sugar concentration 
of the exact normal figure (0 05 per cent) The aveiage maximum 
concentiation of the blood sugar in the six cases with evidence of a 
definite aithritic process but with eradicated foci was 0 144 pei cent 
The average piedextrose level foi this gioup was Oil pei cent The 
average increase in concentiation after the ingestion of dextiose was 
only 0 034 per cent as compaied with 0 05 pei cent in the foimei group 
This might be inteipieted to mean that in cases of infectious arthritis 
with active foci there is less tolerance for dextrose than in those in 
which the foci have been eliminated Against this assumption, howevei, 
is the fact that those cases in which foci aie active show no deviation 
from the noimal standard as established by Gray One must conclude 
therefore, that there is no definite evidence at hand to piove that focal 
infection has any specific effect on sugar tolerance 

CONCLUSIONS 

1 In a study of twenty typical cases of chronic infectious aithritis, 
no evidence was found of a diminished sugai toleiance 

2 The sugai toleiance in this disease does not seem to var} with the 
seventy of the process 

3 Foci of infection apparently have no specific action on the sugar 
stoiage mechanism 
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P A HEERES, ^ID 

AND 

HERMAN VOS, MD 

GRONINGEN, HOLLAND 
REPORT OF CASE 

Histoiv — Early in August, 1927, a servant girl, aged 23, was admitted to the 
medical clinic of the University Hospital at Groningen, Holland, because her pin - 
siciaii could not find an appropriate diet after having treated her for three 3 ears 
for a condition he thought was diabetes Backache was the complaint which led 
the girl to see a physician, and he had found reducing properties in her urine At 
that time, the patient had been drinking a good deal, the quantlt^ of urine passed 
was abundant and the appetite was normal A diet was prescribed, from which 
sugar and sweet foodstuffs were omitted, with potatoes and bread in moderate 
quantities The backache disappeared, but the urine was not alwas s sugar-free 
The physician further informed us that the urine passed at night never contained 
any sugar, while that passed during the day at times showed reducing properties 
About a year prior to consulting the physician, the patient had suffered from 
pleurisy with effusion, and she had been resting several months No cough or 
expectoration had been present, and some emaciation only at first 

The personal and family history did not contain any data of special significance, 
there was no familial tendency toward diabetes 

Examination — The patient was fairlj’^ well nourished, healthy looking and ot 
normal build She weighed 61 3 Kg The skin and mucous membranes were nov- 
mal , the lymph glands were not enlarged The pulse rate and respirations were 
not abnormal The blood pressure was 120 systolic and 75 diastolic (Riva-Rocci 
technic) The cranial nerves functioned well , the tongue was slightlv coated 
The teeth showed canes, pyorrhea alveolaris and defects, the tonsils were not 
swollen The thyroid was slightly enlarged, and the trachea not displaced Tlie 
thorax was moderately arched, the right half was sunken, and there was less 
expansibility than on the left side The heart w'as normal on percussion and 
auscultation The lower border of the right lung was a little higher than the left 
and moved less freely On the right anteriorly, the percussion note w’as shorter, 
with weakened respiration and a few crepitant rales The abdomen, spine, genitals 
and extremities did not show any abnormalities All reflexes were normal The 
roentgenogram of the thorax revealed no abnormalities except slight traces of 
pleurisy and small infiltrations m the right upper lobe The Pirquet reaction was 
positive, the Wassermann reaction negatne 

The differential leukocyte count was as follow^s eosinophils, 1 per cent neutro- 
phil juvenile forms, 0 5 per cent, band forms, 13 per cent poh morphomiclears, 
50 per cent , lymphocytes, 32 per cent , monocytes, 3 5 per cent 

The sedimentation rate was 22 mm in the first hour (Westergreen) 

The patient, therefore, showed signs of mild pulmonary tuberculosis, for which, 
after observation in this clinic, she was treated in a sanatorium with excellent 
results 


Submitted for publication, July 24, 1928 
* From the Clinic for Internal Medicine, Prof Polak DanieE Director 
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The phenomena of a disturbed carbohydrate metabolism deserve 
special attention On her admittance, the urine reduced both Fehhng’s 
and Nylander’s solutions, besides showing a trace of acetone but no 
diacetic acid The polarization plane was turned to the left, and our 
suspicion that the reducing substance was not dextrose but f i uctose was 
proved by the following tests 

1 After fermentation, the urine did not reduce the solutions 

2 The urine showed the Seliwanoft reaction 

3 The reaction of Bang ^ was also positive (heating on addition of 
ox gall and stiong hydrochloiic acid) It may therefoie be safely 
asserted that the patient excreted levulose ivith the urine 

LITERATURE AND COMMENT 

From the Iiteiatuie, thiee foims of fiuctosuiia aie known 

1 Theie is a special ahmentar}'- levulosuria occurring in conditions of 
the liver parenchyma, such as hepatic cirrhosis, cataiihal jaundice, 
hepatic syphilis, etc , to which Stiauss^ first called attention This ali- 
mentary fiuctosuiia has even become a much applied test of liver 
function Later, for the estimation of the hepatic function, the galactose 
test came to be regaided as of great value, although the significance of 
the fiist IS still highly appreciated by many investigators (for instance. 
King®) 

2 It does not seem to be rare m diabetes mellitus, paiticularly in 
severe cases, for the patients to excrete not only dextrose, but also 
fructose, in the urine Different estimations of the frequency of this 
condition have been given by various authors Von Noorden regarded 
fructosuria m diabetes mellitus as a signum mah oininis 

3 Tiue fructosuria, in the absence of any hepatic disturbance and 
of diabetes mellitus, is a rare condition, of which so far about fifteen 
cases ^ have been recorded , and only two of these were investigated with 
a fair degree of completeness ® In this form of fructosuria, levulose is 
excreted with the mine, if this sugar, as such, or as a constituent of 

1 Bang Lehrbuch der Harnanalyse, Wiesbaden, Bergmann, 1918, p 119 

2 Strauss Deutsche med Wchnschr 39 1780, 1913 

3 King, G Lancet 1 385, 1927 

4 Seegen Zentralbl f d Med Wissensch , 1884, p 753 Kulz Ztschr f 
Biol 27 228, 1884 Rosm and Laband Ztschr f klin Med 47 182, 1902 
Schlesinger Arch f exper Path u Pharmakol 50 1, 1903 Lepine and 
Boulud Rev de Med 24 185, 1904 Neubauer Munchen med Wchnschr 
2 1525, 1905 Moraczemsici Ztschr f klin kled 64 503, 1907 Adler A.rch 
f d ges Phi siol , vol 139, p 93 Strouse, S , and Friedman, J C Levulosuria, 
Arch Int Med 9 99 (Jan ) 1912 Barrenscheen Biochem Ztschr 127 222, 1922 
Snapper, I , Grunbaum, A, and van Cre\eld, S Nederl Tijdschr v Geneesk 
1 1600, 1926 , also. Arch f Verdauungskr 38 1, 1926 Steinberg, S , and Elberg, 
W Klin Wchnschr 4 2399, 1925 

5 Barrenscheen and Snapper, Grunbaum and van Creveld (footnote 4) 
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Other carbohydiates (for example, cane sugai), is taken up with the 
food If the food is totally depiived of this sugai, its cxcietion at 
once ceases This anomaly, in which fmctosuna is the only phenomenon 
distinguishing the patient fiom a noimal peison, should not be called a 
disease This metabolic deviation may even go on for yeais, without 
unpleasant or disastrous consequences (Adiei described the case 
of a patient, aged 73), so that the piognosis is faioiable In some cases, 
a familial tendency has been described, in otheis, this factor was absent 
If treatment is desired, it is, as alieady stated, sufficient to omit finm the 
diet all foodstuffs containing fructose, and equally so those cai boh} drat es 
from which, in the intestine, fiuctose is formed, while othei caibo- 
hydiates are allowed as desiied 

To find out to which gioup oui patient belonged, we had to deter- 
mine first of all whether the function of the livei was noimal The 

Table 1 — Estimation of Lma Function hv Galactose Tcsf^ 



Blood Sugar, 

Reduction in 

Time 

per Cent 

Urine 

Pasting 

OOSl 

0 

After 1/2 hour 

OOD5 

— 

After 1 hour 

0 092 

0 

After m hours 

0 097 


After 2 hours 

0 0S9 

0 


* 40 Gm of galactose by mouth 


Table 2 — Results of Admmisti aUon of Fifty Giams of Dcxtiose by Mouth 


Time 

Blood Sugar, 
per Cent 

Glycosuria 

Pasting 

0 079 

0 

After i /2 hour 

0 0S9 

0 

After 1 hour 

0125 

0 

After IV 2 hours 

0 089 

0 

After 2 hours 

0 082 

0 


usual methods of physical examination did not give any indication of a 
damaged function (no enlargement of the organ, no splenomegah , no 
jaundice oi no increased uiobilmuiia) Moieovei, the Inei function 
was estimated by the galactose test, the lesults of ■which are given in 
table 1 

The mine, voided after one and two hours, did not reduce the solu- 
tions After the administration of 50 Gm of galactose by mouth, a 
feebly dextrai otatoi y uiine was excreted with slight!} reducing piop- 
erties and containing at the most 0 34 Gm of galactose, a quantit} 
undoubtedly to be legaided as entirely noimal ^Ve may therefore 
assume that in our patient the ll^er function was sufficient 

Secondly, it ivas necessaiy to deteimine ■whether this fructosuna 
was not an accompanying symptom of true diabetes melhtus The 
blood sugar during fasting appealed to be entirely normal, equal!} so 
the blood sugar curve obtained according to Maclean s technic 


6 Adler (footnote 4) 
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The alimentaiy hypeiglyceirua aftei the administration of 50 Gm 
of dextrose by mouth was particularly low, while the fasting level was 
reached within the normal time Even aftei the administiation of 100 
Gm of dextrose by mouth, the rise in blood sugai was not higher than 
0 157 per cent, thus lelatively low (table 3) 

The decline was somewhat slower aftei 100 Gm of dextrose had 
been gnen not until aftei three hours was the fasting level reached 
In oui case (patient weighing 61 Kg), 100 Gm of dextrose (le, 16 
Gm pel kilogiam of body weight) was a rathei large quantity, so that 
an}^ distui bance of dextrose metabolism could be excluded 

After proving that there was no distui bance of liver function and no 
diabetes mellitus, we can safely say that our case belongs to the lare 
gioup of cases of essential fiuctosniia To understand this peculiai 
anomah , one must fiist consider what happens in the normal organism 
when fructose is administered 


Tablc 3 — Results of Aditiimsli alioit of One Hiindicd Giams of 
Dettiosc bv MoiitJi 


lime 

Blood Sugar, 
per Cent 

Gljcosuna 

F istme 

0 091 

0 

After ^ hour 

0143 

0 

After 1 lioui 

0157 

0 

Aftei hours 

0131 

0 

After 2 hours 

0130 

0 

Aftei 21A hours 

0106 

0 

After 3 houis 

0 09C 

0 


Laige quantities of fructose may be taken b} mouth without a tiace 
of this sugai a]ipearmg in the urine There is, howevei, a maiked 
■diffeience between the effects from the ingestion of dextrose and of 
fiuctose, namely, with fiuctose theie is no increase in the blood sugai 
But It IS quite ceitam, that aftei administration of fiuctose a slight 
fiuctosemia occuis (Isaac" Folin and Berglund®) 

It IS also ceitam that the liver pla}S the most prominent part in the 
stoiage and tiansfoimation of fiuctose Isaac® discoveied that only 
the unimpaiied luei cell is capable of tiansfoiming fiuctose into 
dextiose (perfusion experiments), while muscles, like the livei, ma\ 
cause fructose to disappeai (glycogenesis, other chemical transversions 
combustions, perhaps), but m this case theie was no formation of dex- 
trose Like Folin and Berglund Isaac believed that the liver cannot stoie 
all fructose and that a part escapes into the blood stream and immediately 
IS stored in the muscles This occurs more rapidiv and more com- 
pleteh with fiuctose than with dextrose, since in the muscles there is 
a Aacuum’ foi fiuctose, while dextiose is always present 


7 Isaac, S Med Klin 16 1207, 1920 

8 Fohn and Berglund J Biol Chem , vol 51, p 213 

9 Isaac Ztschr f plus Chem 89 78 1914 
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The normal organism does not exciete fructose m the mine, although 
after the administration of fiuctose by mouth, this sugar m low con- 
centiation appears m the peripheial cii dilation (accoiding to Isaac, 
fiom 002 to 0 04 pei cent) So in human beings theie is a threshold 
value for fiuctose, the height of which is unknown 

Conti aiy to what we found m man were the lesults of the pei fusion 
experiments by Hambtiigei and Brinkman with fiog kidneys These 
showed that fiuctose quantitatively passed over fiom the perfusion 
liquid into the aitificial mine 

To recall the results obtained by vaiious expei imentei s with the 
intiavenous admmistiation of fiuctose in man and animals is con- 
fusing If laige quantities of fiuctose aie introduced in this mannei, 
it appeals that as gieat a quantity is excieted by the kidneys as is 
obtained from a solution of dextiose of the same concentiation This 
becomes evident fiom experiments by Wieizuchowskv ” undei taken foi 
different pui poses About 10 pei cent of both sugais was lecoveied m 
the urine, while aftei the infusion of dextiose the use m blood sugar 
was much highei than that after the mtioduction of fructose Heie it 
becomes stiikingly appaient how deficient is one’s knowledge of the fate 
of the vaiious caibohydiates m the body One imagines that the hvei, 
the muscles and the kidneys behave difteiently towaid fiuctose than 
toward dextiose, and yet it is a fact that both sugars in almost pei feet 
coi 1 espondence aie excieted by the kidneys aftei intiavenous admmistia- 
tion Theie aie so many unknown factois that anv explanation so fai 
does not seem moie than speculation Owing to the excellent coopeiation 
of our patient, not only did we succeed in being able to confiim the 
results obtained by othei students of this subject, but we weie able 
also to open up some new vistas, which we believe to be of some imjioi- 
tance foi a bettei undei standing of this abnoimal condition 

EXPERIMENTS 

We will now lepoit the lesults of vaiious expei iments peifoimed on 
om patient 

The amount of sugai in the blood was detei mined by the modified 
micromethod of Bang In most cases, detei minations of fructose in the 
urine were made as well with the polaiimeter as with the i eduction 
method of Causse and Bonnans 

On a mixed diet, oui patient alwa 3 s excreted a ceitain quantiti of 
fiuctose This excretion ceased at once if all foodstufls containing 
fiuctose weie omitted 

10 Hamburger and Brinkman Proc Ro\ A.cacl , 1918, ^ol 21 

11 lerzuchowsk} J Biol Chem,\ol 68, p 631 
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Fructose was administered by mouth, as follows 50 Gm of fructose 
was given on an empty stomach The urine was examined every half 
hour, and the blood sugar every fifteen minutes during the fiist half 
hour, and then every half hour , the results are given in table 4 

The same expeiiment m a normal woman yielded the results shown 
m table 5 

Contrary to what is normally seen, the administration of fiuctose 
caused a significant increase in blood sugar, which i cached its maximum 
aftei one hour, returning to the fasting level after two and a half hours 


Table 4 — Results of the Admmisti ation of Fifty Grams of Fiuctose 
by Mouth m Our Patient 



Blood Sugar, 

Polarimeter, 

Pructosuria 

A 

Polanmeter, 

. 

Reduction, 

Time 

per Cent 

per Cent 

Gm 

Gm 

Pasting 

0094 

0 

0 

0 

After % hour 

0107 

— 



After % hour 

0116 

08 

0 26 

030 

After 1 hour 

0144 

39 

122 

124 

After 1% hours 

0123 

45 

1 43 

151 

After 2 hours 

0110 

28 

174 

180 

After 2% hours 

0 091 

1 6 

060 

0 62 

After 3 hours 

0 096 

05 

0 40 

0 42 

After 3% hours 

0 095 

04 

0 34 

0 27 

After 4 hours 

OOS7 

02 

on 

015 

After 4% hours 

0077 

01 

0 02 

— 

After 5 hours 

0 096 

01 

0 05 

007 

After hours 

0 071 

02 

0 09 

•— 

Alter 6 hours 


0 

0 

0 

Total e-seretion 

6 32 Gm =12 6 per cent 


6 26 

6 38 


Table 5- 

—Results of the Admmisti ation of Fifty Giams of Fiuctose 
by Mouth m a Noinial Woman 


Blood Sugar, 


Time 

per Cent 

Pructosuria 

Pasting 

0 096 

0 

After % hour 

0103 

— 

After 1 hour 

0106 

0 

After 1% hours 

0107 

— 

After 2 hours 

0 093 

0 


Fructosuria appeared within the first half hour, i e , in a period when 
the rise m blood sugar was still slight (0 023 per cent) It did not 
reach its maximum until after two hours, when the blood sugai content 
had been deci easing for a long time, and it still continued for five and 
a half hours after administration, i e , for another three hours after 
the blood sugar level had become normal So we may conclude that in 
our case there was practically no threshold for fructose, since this 
substance appeared in the urine when no more than traces could 
circulate m the blood In this respect, our case differed from that of 
Barrenscheen,^^ who found a well marked threshold for fructose in his 


12 Barrenscheen (footnote 4) 
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case We have stated that in normal persons a thieshold for fiuctose 
must be assumed, though being relatively low, so that in this lespect 
our patient differed from a normal peison 

In this experiment, the amount of blood sugar was detei mined only 
in the fasting condition and after one hour At this time, fructosemia 
was detei mined by the method of Jolles (modified by van Creveld^^) 

1 cc blood was mixed with 1 cc of a 4 pei cent solution of hydro- 
chloiic acid, and then, while it was vigoiously shaken, 2 cc of a 5 per 
cent solution of mei curie chloride was added by drops, this ivas fol- 
lowed by centrifugation, 1 cc of the supernatant fluid was mixed with 
1 cc of a 25 per cent solution of hydrochloric acid This gave rise to 
a blue color which was compared with a coloi scale, obtained by 
adding diffeient quantities of fructose to normal blood 


Table 6 — Results of thd Admimsli ation of One Hundicd Giams of 

Pwe Fiuctose by Mouth 



Blood Sugar, 

Tructosuria (Polanmcter) 

A 

Time 

per Cent 

per Cent 

Gm 

Tasting 

0 048 

0 

0 

After 1 hour 

0134 

27 

135 

After 2 hours 

— 

4 05 

500 

After 3 hours 


4 75 

200 

After 4 hours 


3 51 

1 12 

After 5 hours 

— 

4 50 

2 40 

After 6 hours 


1 19 

0 07 

After 7 hours 

— 

0 65 

OS') 

After 8 hours 

— 

024 

018 

After 9 hours 

— 

OSS 

015 

After 10 hours 

— 

on 

020 

After 11 hours 

— 

0 

0 

Total excretion 



13 53=: 

13 53 per cent 


We found in the blood after one houi a fructose content of 0079 
per cent The total sugar content at the same moment was 0 134 per 
cent, which coriesponds to a rise of 0 086 pei cent (calculated as 
dextrose) Now, 0 079 per cent of fructose has the same leducing 
power as 0 073 per cent of dextiose, so that of the total rise of 0086 
per cent, 0 073 per cent may be attiibuted to fructose, and onl\ the 
remaining 0 013 per cent the result of dextrose It would seem theie- 
fore, that almost the whole use in blood sugar is due to fructosemia 
We further administered 142 Gm of fiuctose b} mouth (2 Gm 
per kilogram of bodyweight), from which 19 8 Gm , 13 9 per cent, was 
excreted A repetition of the same experiment gave an excretion of 
18 2 Gm , 12 8 per cent 

Not only after the administration of relativel} large quantities of 
fructose, but also after minute quantities, fructosuria occurs 

Even after the administration of 2 and of 1 Gm of fructose by 
mouth, reducing substances were found in the urine 

13 Van Creveld, Klin Wchnschr , 1926 
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That the excretion is independent of the lapidity with which it 
IS taken up by the bod}^ became manifest when 50 Gm were adminis- 
tered, not in a single dose, but in divided doses 

When fructose was given intravenously instead of b}- mouth, we 
obtained the following results 

After the intia\enous administration of 20 cc of an 8 pei cent 
fructose solution (16 Gm ), the urine contained fructose for two 
hours, a total amount of 0 23 Gm , oi 14 4 pei cent of the injected 
quantity From 50 cc of an 8 pei cent solution of fructose (4 Gm 


Table 7 — Results of the Aduunish ation of Five Giams of 
Fiuctose by Month 


Fructose Given 

Fruetosiirn (Polnrimeter) 

lime 

Per Cent 

Gm 

Fasting 

0 

0 

After 1 hour 

0 2s 

017 

After 2 hours 

0 6j 

0 60 

After 3 hours 

017 

0 21 

After 4 hours 

0 

0 

Total excretion 


1 04 Gm = 



20 8 per cent 


Table 8 — Results of the Adiitwtsti ation of Fifty Giams of Fiuctose 


Fructose Given 

/ “ 1 

Tune Gm 


Fruetosiim (Polnrimetcr) 

A 

Per Cent Gm 


9% hours 3 
10% hours 5 
10% hours 3 
11% hours 10 
11% hours 10 
12% hours 5 
12% hours 10 
1% hours 
2% hours 
3% hours 
4% hours 

'lotal 

guen 30 Gm 


0 

0 29 

1 11 

18S 
0 80 
0 4G 
0 40 
0 

'lotnl excretion 


0 

0 61 

0 89 

2 07 

1 88 
087 
0 72 

0 

7 04 Gm = 

14 08 per cent 


of fructose), which we injected intiavenously, 041 Gm was excreted in 
the urine (10 2 per cent) m four hours 

In two control experiments, we injected 4 Gm of fructose intra- 
A^enously into normal persons No urine showing i educing pioperties 
Avas excreted in either case 

Table 9 shows the excretion of fructose m the foregoing expeiiments, 
in which fructose had been gnen in Aranous ways and in difterent 
amounts 

If one bears m mind the quantity of fiuctose appearing in the urine 
when widely A^arying quantities of fructose are administered by mouth, 
our case brings out anew the fact observed by other iiiA^estigators that, 
independent of the quantity administered the excreted amount of fructose 
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repiesents a faiily constant percentage of the gnen dose (about 14 
per cent) in all cases On the administiation of 5 Gm of fiuctose the 
excietion was e^en greater than after doses of 100 and 142 Gm 

It IS logical that oiu next step would be to ascertain whetiiei the 
excretion of fructose in our patient was influenced b) the hormone 
which foi the caiboliydiate metabolism is of o\ei whelming significance 
namely, insulin The expel iments by Wieizuchowsk} bi ought out that 
insulin influences only the excretion of dextiose, while the elimination of 
fructose lemams unchanged if both substances are mtioduced intia- 


Tablf 9 — Rcsulfs Obtained fiom the Admtni^ti alwn of Fnicto<:e 



Pi ueto'-e 

Pructo^f 1 xcreted 

Method 

Given, 

_ __ 

- A 

Gm 

Gm 

Per Cent 

By mouth 

1 0 


U- 

B 5 mouth 

20 


+ 

Bj mouth 

50 

101 

20 '■0 

By mouth 

50 0 

0 M 

12 (>l 

By mouth (in lefracta dosi) 

30 0 

7 01 

11 Ml 

By mouth 

100 0 

13 "(b 

1? 'lb 

By mouth 

112 0 

10 00 

H 

Intravenously 

1 0 

02’ 

14 ib 

Intravenoush 

1 0 

0 41 

10 2 > 


Table 10 — Results of the Adnumstt atwn of Insulin 


rructociin i 


Polarinieter 


Pasting, 10 units 

of insulin 

Blood Sugar, 
per Cent 

0 085 

1 

t — 

Per Cent 

Gm 

, Ridiutloli 

(iin 

Attei % houi, 50 Gm of fructose b\ 
mouth 

0 005 

0 

0 

0 

Aftei 1 hour 


0122 

— 

— 

- 

After 1% hour's 


0121 

1 31 

2 15 

2 21 

\fter 2 houi'= 


0117 

— 

300 

— 

After 2*4 hours 


0111 

1 37 

4 27 

After V /2 hours 


0102 

0 51 

1 17 

1 r> 

After iV 2 hours 


0107 

0 40 

0 40 

f> Tj 

Aftei 5(4 hours 


0107 

0 14 

0 is 

0 a 

After houi« 


0108 

0 

0 

0 

Uotal excretion 

81G Gm = 10 32 per 

cent 


7 SO 

h »2 


venousl}' In peifect haimony with these m^ estigations, m the case of 
Snapper, insulin did not produce a diminished fiuctosuiia Table 10 
shows that m oiii case also no action of msuhn could be seen 

Earhei obsenations showed that for the excietion ot fiuctose m 
pel sons with fiuctosuiia, it is not immaterial uhethei the fiuctose is 
admmisteied as the only caibohydiate oi mtioduced with othei carboln- 
drates, oi whethei it is mtioduced as disacchande and poh saccharide 
lespectivel} Schlesingei and Banenscheen lepoited that under the 

14 The fructosuna after the adniinistration of 5 Gm of tructo'^e b\ mouth 
was different from that m all other similar experiments so we repeated thi'' one 
w'lth just the same result 
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latter conditions more fructose appears in the urine We gave fructose 
b} mouth 111 combination with an equal quantity of dextrose and 
galactose, which are, in contrast to fiuctose, metabolized in a normal 
manner The lesults appear m tables 11 and 12 

The excretion of fructose was also studied after the administra- 
tion of 96 Gm of cane sugar (representing 50 Gm of fructose) 

Under the conditions represented in table 13, a greater part of 
the fiuctose was excreted than when fructose was given alone It is 
most remarkable that after the admimsti ation of cane sugar the fruc- 

Table 11 — Results of the Adimmsh alion of Twenty-five Gtams of 
Fiuctose and Twenty-five Gtams of Derftose by Mouth 


Fructose Given Fructosuna (Polarimeter; 


r~ T 

per Cent Gm 

Fasting 0 0 

After 1 hour 0 63 1 25 

After 2 hours 0 85 1 62 

After 3 hours 0 63 1 25 

After 4 hours 0 28 0 93 

After 5 hours 0 23 0 41 

After 6 hours 0 0 


Total excretion 5 46 Gm = 

21 8 per cent 


Table 12 — Results of Adimntsh ation of Twenty-five Giants of Fiuctose 
and Twenty- five Grants of Galactose by Mouth 


Fructose Given 

Fructosuna (Folanmeter) 


r 

per Cent 

Gm 

Fasting 

0 

0 

After 1 hour 

0 57 

151 

After 2 hours 

0 80 

163 

After 3 hours 

0 34 

0 61 

After 4 hours 

020 

0 48 

After 5 hours 

0 00 

0 21 

After 6 hours 

0 

0 

Total excretion 


4 44 Gm 


fructose, 17 8 per cent 


tosuiia was consideiably greatei than when fiuctose and dextrose were 
given together 

Of more importance than the fructosuna only is the behavior in 
regard to inulin, the polysaccharide of fructose Neubauer demon- 
strated that this substance was not excreted by his patient with fructo- 
suria, contrary to what had been expected We obtained the same 
results Neither did the patient give a reduction in the urine on the 
administration of 5 or 20 Gm of mulin Neubauer pointed out that 
nothing is known of what happens with the inulin in the intestine One 
IS inclined to assume that it is converted into fructose, analogous to the 
breaking up of amylum into dextrose But this has by no means been 
proved On the contrary, many arguments against it may be adduced 
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LewJs and Fiaenkel found that m dogs in which diabetes has been 
pioduced by the administration of phlorizin, an additional amount of 
dextiose appeals in the urine after the administration of fructose, but 
not following a dose of muhn 

Goudbeigi® did not obseive a rise of the lespiiatory quotient aftci 
administering inulin, contiaiy to the results obtained aftei giving 
fiuctose The lesults of Neubauer, coiroborated by us, accoid peifectly 
with this The fact that inulin does not pioduce fructosuiia in a patient 
who may be legaided as maikedly sensitive to fiuctose is a strong plea 
for the contention that in the intestine, at any late, no fiuctose is 
foimed fiom inulin 

Table 13 — Results of the Admtmshatwn of Ninety-Si-i Giams 
of Cane Sugar by Mouth 


rnictosuria 




1 " - 

Polanmeter 



Blood Sugar, 

A 

f 

' \ 

Reduction, 

Tune 

per Cent 

per Cent 

Gm 

Gm 

Tasting 

0 058 

0 

0 

0 

After 1 hour 

0157 

143 

286 

2 83 

After 2 hours 

0143 

2 05 

514 

5 80 

After 3 hours 

— 

148 

3 25 

3 29 

After 4 hours 

— 

2 58 

2 85 

3 14 

After 5 hours 



123 

0C8 

080 

After 6 hours 


0 94 

0 32 

0 37 

After V hours 

— 

02S 

014 

010 

After 8 hours 

— 

0 

0 

0 

Total evcretion 

15 81 Gm = 31 6 per cent 


15 24 

10 39 


The metabolic distuibance in our patient was concerned onl}' with 
fructose, while dextrose, galactose and mannose weie assimilated m a 
1101 mal manner 

A glance at the structuial foimula of fructose will reieal that it 
occupies a place by itself It is a ketose, while the other sugais aie 
aldoses 

Stiuctuial Foimulas 


H 

H 

H-C-OH 

H-C-OH 

H-C-OH 

H-C-OH 

H-C-OH 
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15 Lewis and Fraenkel J Biol Chem , 1914, vol 17 

16 Goudberg Ztschr f exper Path u Therap,^oI 13, p 310 

17 We could prove the absence of muhn in the unne by finding no reduction on 
heating in an alkaline medium reaction, by which muhn is easilv broken up into 
fructose 
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It IS desirable to determine whether the disturbance is due to this 
difference in structure, that is, whethei it depends on the presence of the 
keto-group It happens that almost all sugais in nature aie aldoses, 
there being only three known ketoses 
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Tagatose is a sugar larel} encountered and difficult to piepaie We 
did not succeed in piocurmg it Sorbose is not so lare It is prepared 
fiom the fiuit of rowan {Soihus aucnpm la) It is levoi otatory, and 
gives, like fiuctose, the leactions of Selnvanoft and Bang, but does not 
ferment, by which charactei istic it can be difteientiated fiom fructose 
Owing to the kindness of Piofessor Boeseken at Delft, we obtained 
about 5 Gm of this hexoketose We administered 4 8 Gm in one dose 

Table 14 — Results of the Admmisii atwn of 4 S Gm of Soihosc hv Mouth 


Sorbosurin 

1 

Polinmeter 


lime 

Blood Sugar, 
per Cent 

A 

per Cent 

— — It 

Gm 

Reduction, 

Gm 

Fasting 

0 085 

0 

0 

0 

After % hour 

00S7 



— 

on 

After 1 hour 

OOSC 

OSS 

OGS 

0 55 

After 1% hours 

0 005 

054 

0 80 

0 81 

After 2 hours 

0 08G 

0 54 

054 

0 40 

After 2 V 2 hours 

0 070 

03S 

030 

0 34 

After 3 hours 

0 070 

0 3S 

0 21 

023 

After 3V> hours 

— 

050 

0 25 

023 

After 4 hours 

0 003 

050 

033 

0 25 

Each half hour until after 7 hours 

— 

0 25 

050 

065 

After 7% hours 

— 

0 

0 

0 

lotal excretion 3 6") Gin sorbose = 

70 per cent 


307 

3 02 


The patient appealed to be much more sensitive to sorbose than to 
fructose No less than 76 per cent of the administered quantity was 
recoveied in the urine as sorbose, as the negative fermentation test 
showed 

Our supply was too small for a study of the tolerance of healthy 
persons, and we must, therefore, rely on the literature on this subject, 
which from its very nature is meager Of 3 Gm of sorbose given by 
mouth, Ciemer could recovei 17 per cent in the uiine, while after the 
ingestion of 0 25 Gm and 1 Gm , respectively, no reduction was 
obtained 


18 Cremer Ztschr f Biol 29 484, 1892 
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Voit obtained 36 pei cent in the uiine, aftei injecting 10 Gm sub- 
cutaneously Fiom these figuies, and in the absence of othei data, we 
believe the excietion is so much higher than the amount mentioned by 
the investigatoi s that we feel justified in speaking of an ahnoimal reac- 
tion m oui patient towaid soibose We, theiefoie, hold that this lesult, 
if coiioboiated by the necessaiy contiol tests m healthy peisons, ma) 
seive as argument for the contention that the piesence of the keto- 
gioup IS of predominating significance foi the special place fiuctose holds 
among the othei sugars studied 

Besides soihose, we also studied dioxy-acetone, CH^OH-CO- 
CH.OH, equally a ketose Oui patient, as well as healthy peisons, 
did not exciete this substance m the mine It is well known that this 
sugai IS much moie easily stored by the liver fas glycogen) than all 
other known higliei sugai s (Isaac and Adlei -°) 

It IS not peimissihle to place this keto-triose on a level with the 
highei ketoses, and so we must abstain fiom any conclusion m this 
respect 

Wheie in the body is the seat of the metabolic distuihance found, and 
what is its undei lying mechanism^ 

As to the location of the distuihance, one thinks, fiist of all, of the 
oigan which, under noimal conditions, has the gieatest influence on 
fructose metabolism — the Inei The fact that the administiation of 
fiuctose by mouth leads to a considerable degiee of fiuctosemia is a 
strong aigunient for the assumption that the livei allows moie fiuctose 
to escape into the blood stieam undei these cii cumstances than undei 
noimal conditions A distuihed flow from the cii dilation towaid the 
muscles (Folm and Berglund) might he consideied, hut this is a purely 
hypothetic notion It is contraiy to the facts to assign to the muscles, 
instead of the livei, a preponderating influence on fructose metabolism, 
as investigations by Isaac and others have hi ought out 

A moie positive pi oof that the livei is the piimary seat of the dis- 
turbance IS the fact that the fiuctosuiia is just the same whethei fiuctose 
IS administeied by mouth oi intiavenously From this we may infer that 
the influence of the livei on the stoiing of fiuctose is extiemely slight 
contraiy to the tendency in normal persons 

It IS more difficult to explain the mechanism of this distuihance In 
the first place, one must bear in mind the lemaikahle constanci of the 
fructose excietion when gieatly varying doses are administeied This 
phenomenon cannot be accounted for by the assumption that there is 
an insufficiency of a definite function, as in diabetes mellitus In the 
latter condition, different quantities would he excieted not onh in the 


19 Voit Deutsches Arch f khn !Mecl 58 535, 1897 

20 Isaac, S , and Adler, E Khn Wchnschr 3 I20S, 1924 
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same patient, but in difterent cases The fact that always the same 
fraction of the introduced fiuctose is excreted indicates with certainty 
that a definite metabolic function has diopped out 

There are two possibilities to be thought of, as Neubauer lucidly 
reasoned out, but later investigators have paid little attention to them 
However scant our knowledge of the normal fiuctose metabolism may 
be, It IS certain that the greatei part of the fiuctose which the liver gets 
from the intestine is stoi ed in that organ as glycogen, and that a smaller 
part passes over into the blood stream, from which it disappears rapidly 
We also know that a pait of the fructose is at once oxidized This 
oxidation process is manifested by a rapid increase in the excretion of 
carbon dioxide, togethei with a rise of the respiiatory quotient, a 
phenomenon repeatedly obsei ved 

Neubauer suggested that the disturbance is possibly this under nor- 
mal conditions, a definite pait is always oxidized, but in patients with 
fructosuria this oxidation process fails Neubauer himself had no 
opportunity to determine the amount of carbon dioxide excretion We 
detei mined the respiratory quotient in our patient twice before, and 
one houi after, the administration of 142 Gm of fructose (2 Gm per 
kilogram of body weight), with the following lesults 

Respiratory Quotient Respiratory Quotient 



Before 

After 

Normal person 

0 71 

095 

Our patient, first test 

0 72 

0 77 

Our patient, second test 


0 75 


Here one sees sinking evidence that a rise m the lespiratory quotient, 
as compared with what is obsei ved in normal persons, is absent, and 
we may conclude, therefore, that no combustion of sugar takes place 
In a leturn again to the constant relation between the fructose admin- 
istered and that excreted, which in all observed cases of fiuctosuria is 
of the same value, the question arises whethei an analogy is found 
somewhere else 

Hamburger,-^ in his experiments on thepermeability of the glomeru- 
lus membrane to stereo-isomeric sugars, found a similar phenomenon 
On perfusion of the frog’s kidney with Ringer’s solution to which 
various sugars had been added, it was shown that galactose was partially 
retained Closer investigation into the permeability of galactose showed 
that independent of the concentration of the galactose in the perfusion 
fluid, there is always a fairly constant part, namely, the lesser half, that 
IS passing through The same occurrence was revealed on perfusion 
with levoxylose At once we were impressed by the analogy between 

21 Hamburger Biochem Ztschr 128 185, 1922 



HEERES~VOS—FRUCTOSURIA 


61 


the lesults of these pei fusion expeinnents and what we found m 
fiuctosuna Hambuigei looks foi an explanation in the different 
behavioi of the two foiins, the a — and ^ — modification, which togethei, 
as equilibiitim mixtuie, form the d-galactose 

From the rotation coefficients of the two forms, then mutual i ela- 
tion may be calculated, and it is shown that the excieted pait of galactose 
coi responds nicely to the quantity of one of the foims 

With regal d to fructosuiia, we have suggested the possibility that 
the bod}^ IS abnoimally adapted to one of the two modifications of 
fiuctose, and that the oiganism is not capable of assimilating it in the 
normal mannei This modification ma) have a constant value in the 
eqiiilibi lum between the two 

If fiom the rotation of the two sepaiate foims and the equilibrium 
one calculates the relation between the a — and ^ — modification, one 
finds 37 pel cent a-fructose and 63 pei cent /?-tuictose The amount 
excreted by oui patient (appioximately 14 pei cent) can. theiefoie, not 
be held to consist of only one of the two foims Howeevi, the possi- 
bility must be borne in mind that in vivo the eqmhlmum is diffeient 
from that in an aqueous solution, on which oiii calcidations aie based 
We did not succeed in finding m Rmgei’s solution a lotation difleiing 
from that m water, but in vivo theie may be vaiious known and 
unknown factois that influence this equilibiium Above all, it should 
not be f 01 gotten that Hambuigei made his pei fusion expeiiments with 
surviving fiog kidneys, whereas we dealt with the complete living 
human organism 

For the piesent, no fuither advance is to be made fiom meie 
theoietical speculation 'We have, neveitheless, attempted by expeii- 
mental methods to piove the piobabihty that the mysteiy of the constant 
excretion is connected with the equiIibiium between the a- and ^-fructose 

If fructose as solid substance (i e , ^-fiuctose) is dissolved, 
a-fiuctose in the increasing quantities giadually aiises in the solution 
until aftei a time equilibrium is established This phenomenon can be 
conti oiled by the polaiimetei , lotation of the solution diminishes 
(so-called multiiotation) 

We injected intiav^enously a solution of fiuctose immediate!} after 
its preparation and obsciv'^ed the excretion A considerabl} gi eater part 
of the fiuctose appealed in the mine than after the intravenous admin- 
istration of a solution of fiuctose dissolved some time piioi to injection 
On the administiation of fiuctose by mouth, no maiked diffeience is to 
be expected, since with fructose the equilibiium is establislied rather 
quickly (within a half houi), so that when absoiption fiom the intes- 
tine is complete, equilibiium has already been established This 
obseivation can be explained only by the assumption that the disturbance 
found in our patient is bound up with one of the tw o modifications 
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There is a second aigument, pointing in the same diiection, namely, 
that the excietion of the fructose depends on the simultaneous piesence 
of other sugais It is plausible that undei those conditions other 
equilibriums arise than with fiuctose alone The same holds good foi 
cane sugai, fiom which fiuctose is not formed until it has reached the 
gastro-intestinal tiact 

With the same question m view, we finally introduced crystalline 
fructose thiough the lectoscope as high into the rectum as possible 
Of 17 5 Gm , 7 7 Gm (44 4 pei cent) was excreted with the mine 

This IS a consideiable difiteience, but we do not believe it to be of 
gieat impoitance on account of the mannei in which the fructose was 
introduced Theoretically, theie is considerable indication in the results 
of our experiments that the metabolic disturbance in fiuctosuria is 
particularly associated with one of the two forms of fructose 

Table 15 — Results of the luh aveuous Injection of 7 7 Gm of a Solution 
of Fi iictosc Immediately Aftei It Was Picpaicd 


Time 

Pasting- 
After % hour 
After 1 hour 
After 1% hours 
After 2 hours 
Prom until 5 hours 
After 5% hours 

Total excretion 1 4C Gm = 1<) per cent 


Fiuitosurn 


Polarimetcr, 

Reduction, 

Gm 

Gm 

0 

0 

0 89 

0 92 

0 28 

023 

013 

0 13 

0 06 

05 

OIC 

012 

0 

0 

1 52 

140 


It would be of gieat interest to examine the urine immediately after 
Its formation in the kidneys with regaid to the phenomenon of multi- 
rotation We did not considei ourselves justified m carrying out the 
necessary cystoscopy and uieteial catheterization 

We saw that not only fructose, but also sorbose, is excreted for the 
greater pait with the urine of our patient, and that fiom theliteiatureit 
is known that this rare sugar is the only one of all known sugars that, 
when ingested by normal persons, passes over into the mine We believe 
that a moie profound investigation of the manner in which the excretion 
takes place, and, in particular, a quantitative examination under vary- 
ing conditions might lead to impoitant results The difficulty in obtain- 
ing a sufficient quantity of sorbose is the only obstacle 

In our patient, the fructosuria was encountered as an isolated meta- 
bolic disturbance, since, apait fiom a mild pulmonary tuberculosis, she 
did not show any pathologic anomaly She did not present any other 
sign of constitutional deficiency, nor of disturbance m the organs of 
internal secretion, as has been reported by other investigators in similar 
cases Mentally she was entirely normal Hereditary tendencies were 
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total!}' absent and, so fai as known, tlieie were no othei cases of 
fiuctosuria in hei lelatives Of hei neai lelatives (father, mothei, 
brothei and sistei), we had the oppoitumty to examine the urine voided 
after the ingestion of a fairly laige qiiantit) of cane siigai Reducing 
substances were not found Cases of diabetes mellitus or of other dis- 
turbances of metabolism weie not encounteied in the relatives So tlierc 
was nothing 111 oui case pointing to an heieditaiv constitutional anomal) 
Nevertheless, on the giound of other cases repotted m the literature, we 
have to assume such a constitutional factoi 

Of gieat interest is the idea of van Creveld, who suggested the 
possibility of the fiuctosuria being a lemnant of fetal life He found 
that new-boin cliildien, particulaily piematuie cluldien, ha\e less toler- 
ance to fructose This tolerance of fiuctose, accoiding to him de^eiops 
slowly during fetal life, and if it does not aiise, fuiclosuna results 

When the function of the liver is otherwise intact, a jiaitial decrease 
111 tolerance to fiuctose is nevei met with (that is, a tuie fructose- 
diabetes). but either a normal leaction towaid this sugai oi the t)pical 
picture of fiuctosuria This fact, we believe, speaks stiongh against 
van Crevald’s hypothesis 

Resuming, we find that fructosuria is, fiom man} iioints of new, 
a remarkable disturbance of metabolism, though haimless m charactei 

That so far oui insight into the essential natuie of this condition is 
but dim IS, in the fiist place, due to the gieat larity of the anomah 
But when we have the oppoituiiity, with the complete and admirable 
cooperation of the patient, to examine such a case, we aie, in oui 
attempts at inteipietmg the results of vanotis experiments, continualh 
handicapped by the gieat gaps in oui knowledge of the normal 
metabolism of fructose Notwithstanding, we do lielieve that oui 
observations have shed more light on a few points thus far in uttei 
darkness 

SUMMARY 

An extensive investigation was made in a case of tiue (essential) 
fiuctosuiia, and the following facts were detei mined 

1 Fiuctosuiia disappears at once, if onh food, free from fiuctose 
IS consumed 

2 Independent of the cpia^itit} of fructose administeied, a fairh 
equal pait of it is excieted by the urine (about 14 per cent) 

3 Conti ary to the lesults under noimal conditions, the administra- 
tion of fiuctose leads to a considerable use of the blood sugar content 
due almost entirely to fiuctosemia 

4 After the administration of fiuctose in dnided doses as much 
IS excieted as when fructose is gneii in a single dose 
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5 The intra\enous inti oduction of fiuctose produces fructosuna of 
the same degiee as administiation by mouth 

6 Insulin has no influence on the fiuctosuiia 

7 Fiuctose, gnen m combination with other sugais or as a poly- 
sacchaiide, results in a more seveie fiuctosuiia than when nothing else 
IS given 

8 Inulin does not pioduce fructosuna, piobably because it is 
not broken up m the intestine into fructose 

9 The metabolism of dextrose, galactose, maltose and mannose is 
not disturbed 

10 Sorbose (a ketose like fiuctose), the only known sugar that 
is normally excreted in small quantities m the urine, was excieted in 
large quantities in the urine in our case The keto-group was probably 
responsible for this metabolic disturbance 

11 After the administration of fructose, there is no rise of the 
respiiatoiy quotient, contrary to what is seen in noimal conditions 

12 Fructose injected into the vein immediately after the solution has 
been prepared leads to a greater degree of fructosuna than the intra- 
venous introduction of a solution prepared some time prior to the injec- 
tion 

13 Ciystalline fructose, administeied by rectum, produces a more 
seveie fructosuna than fructose given by mouth 

14 A connection probably exists between the last two lesults (nos 
12 and 13) and the phenomenon of multnotation 
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Since the iiiti oduction of insulin in ticatinent, the symptoms ot hypo- 
glycemia have become well known Many cases aie being lecogmzed 
m which hypoglycemia occuis spontaneously As a lule, the sjmptoms 
aie mild, but in a small numbei of cases they have been seveie The 
iiici easing incidence of the disoidei and the seiious disability which 
sometimes lesults make caieful investigation highly impoitant 


REPORT or CASES 

Three cases in which theie was a constant tendency to seveic hyjio- 
glycemia have been obseived at the Mayo Clinic I lepoitcd the fiist 
case (case 1) about two yeais ago m collaboi ation with Wildei, Pov^ei 
and Robeitson ^ The patient had attacks of loss of consciousness with 
convulsions, if he failed to leceivc sugar eveiy houi dining the da\ and 
night It was demonstrated that hypoglycemia was due to o\eipio- 
duction of insulin fiom caicinoma of the islands of the pancieas 

Case 2 — A farmer, aged 52, came to the Mayo Clinic in August, 1928, Ixcausc 
of attacks of weakness and stupor which had occurred at intervals for more than 
two years On many occasions he had lost consciousness and had had coniulsions 
He noted that the attacks were most likely to occur if he had gone without food 
for several hours, or if he undertook any exertion He found that eating would 
relieve or prevent the symptoms, so he formed the habit of taking food at fre- 
quent intervals A curious incident m the history is that eaily in the course of 
the trouble he fell into a stuporous state which persisted for a week Because a 
trace of sugar had been found in the mine previously, diabetic coma was sug- 
gested, although glycosuria was not observed at this time Insulin was gnen lor 
ten days, probably in small doses The patient was able to swallow liquid nourish- 
ment such as eggnog and orange juice, and was fed liberally He regained 
consciousness gradually As time went on, the patient had to take larger amounts 
of food at shorter intervals For several montlis before admission, he had been 
obliged to eat at bedtime and during the night He was unable to vork, slight 
exertion, such as mowing his lawn, often precipitated attacks Leen when rc=tmg 
failure to take sufficient food resulted in attacks several times a week The 
patient’s condition was considered hopeless 

=1 Submitted for publication, Jan 10, 1929 

■' Read before the Central Society for Clinical Research, Chicago, Xoi 23, 
1928 The work was done in the Division of Medicine, the Ma^o Clinic 

1 Wilder, R M , Allan, F N , Power, M H, and Robertson H L 
Carcinoma of the Islands of the Pancreas, H\ perinsulinism and H%pogl\cemia, 
jama 89 348 (Tuh 30) 1927 
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Investigation showed that when food was withheld, there was a gradual fall 
in the level of the blood sugar If it fell below 0 06 per cent, the usual symptoms of 
hj poglycemia appeared The lowest amount of blood sugar observed was 0 04 per 
cent To prevent hypogb'cemia, food with the equivalent of 500 Gm of dextrose 
each day was required, lunches being given between meals and three times during 
the night The injection of epinephrine hydrochloride caused a rise in blood 
sugar, and relief of symptoms Solution of pituitary had a similar influence, 
although It was less powerful Atropine did not have any effect A diagnosis 
of h 3 permsulinism was made because of the resemblance of this case to case 1 
The condition could not be controlled by medical measures, and since the patient 
was incapacitated the decision was made to resort to surgical procedures It was 
hoped that a localized tumor might be found m the pancreas, the removal of 
which would cure the patient 

The operation was performed Sept 12, 1928 (Judd) The pancreas and neigh- 
boring organs appeared normal The tail of the pancreas and part of the body 
were resected The portion removed weighed 14 Gm Microscopic examination 
did not show visible abnormaht} 

After the operation, the tendency to hypoglycemia had apparently disappeared 
On the second day on which no sugar or other nourishment was given, the blood 
sugar varied between 0114 and 0 075 per cent The usual postoperative feeding 
was commenced on the third dav Two weeks later, when food with the equiva- 
lent of 200 Gm of dextrose was taken m twenty-four hours, the blood sugar 
values were subnormal, approximateh 0 06 per cent, in the morning The amount 
of food was, therefore, increased 

It was apparent that the tendency to hypoglycemia had not been completely 
abolished, but had been decidedly' decreased The patient was finally able to live 
on only three meals a day and without taking nourishment during the night He 
returned to his home on October 25 Weekly reports show that mild hypoglycemic 
symptoms have occurred a few times only 

Case 3 — A man, aged 47 came to the clinic m October, 1928, because of symp- 
toms similar to those in cases 1 and 2, they had first appeared four years before 
and had gradually increased in severity Three vears before admission, dis- 
turbances of sleep and somnambulism appeared , two years before, a violent con- 
■vulsne attack occurred during the night He noticed that eating relieved the 
symptoms or checked the attacks, so that he began to take food three times during 
the night as well as between meals In spite of precautions, attacks of weakness 
and stupor occurred with increasing frequenc\, especially after exertion, and he 
was obliged to give up his nork About two months before admission, he was 
in a hospital, where food nas not given after 5 30 p m Attacks occurred during 
the night, m which he became irrational and maniacal so that he was confined in 
a straight-jacket on several occasions Recovery' occurred spontaneously after 
several hours 

Examination of the blood showed that the sugar content fell when food w'as 
not taken, sometimes reaching 0 04 per cent Hy pogly'cemic symptoms usually 
appeared when the blood sugar fell below 0 05 per cent The ingestion of food 
with the equivalent of from 400 to 450 Gm of dextrose prevented hy pogly'cemic 
s\mptoms w'hen gnen at suitable interials Epinephrine and solution of pituitan 
showed transiton effects m checking hypoglycemia Ephedrine also appeared to 
have some influence The patient is still under observation 
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COMMENT 

The s 3 maptoms of hypoglycemia are remaikable in their \aiiation, 
but are not difficult to recognize The characteristic featuie is the 
prompt relief which follows the ingestion of sugar or other carboh} drate 
food Each of these patients had learned by his own expeiience that 
he could avoid or check his symptoms by eating at fiequent intervals 
The suggestion given by this histor)^ can ieadil> be veiified by the blood 
sugai test 

Although hypoglycemia can be recognized with ease, deteimmation 
of the exact cause is difficult Theoretically, the piimaiy factois may 
be either failure of the liver or overfunction of the panel eas Although 
the lemoval of the liver fiom an animal results in immediate fall m 
blood sugai, on only lare occasions has hypoglycemia been obseived in 
cases of definite hepatic disease These have been cases of advanced 
cirihosis, acute yellow atrophy or extensive tumors of the hvei In 
the presence of such gioss distui bailees, one may feel satisfied that hypo- 
glycemia, if piesent, is of hepatic origin In most cases of spontaneous 
hypoglycemia, direct evidence of hepatic disoider is not manifested 
Yet it IS possible that the hvei may still be at fault It is conceivable 
that one function may fail, although other functions aie intact Unfoi- 
tunately, theie is no method which adequately tests the function of the 
liver with lespect to carbohydiate metabolism 

The possibility of hypei insuhmsm was first suggested by Haiiis" 
who desciibed seveial cases in which slight hypoglycemia and mild symp- 
toms weie present Not until the lepoit of oui first case was a definite 
pathologic basis demonstrated for this pieviously hypothetic condition 
Since then hypei insuhmsm has been lecognized in two othei cases of 
tumors of the panel eas In one of these cases, lepoited by Thalhimer 
and Murplty ® neciopsy levealed a nodule in the panel eas with gioups 
of tumoi cells identical in appearance with noimal islands of Langei- 
hans In the other case, McClenahan and Non is also found an aden- 
oma of island tissue The clinical pictuie of tumoi of the islands of 
the panel eas with oveipioduction of insulin is now established as a 
disease entity as Wildei “ has indicated 

The condition encountered in case 2 seems to indicate that lr\ per- 
insuhnism ma\^ also exist without an)’- anatomic change of the pancicas 

2 Hams Seale H 3 fperinsuhnism and D 3 sinsuhnism J A. \ 83 729 
(Sept 6 ) 1924 

3 Thalhimer, W, and Murphj, F D Carcinoma of the Islands of the 

Pancreas, H 3 permsuhnism and H-\ pogb cemia J A 91 89 (Juh 14) 1928 

4 jMcClenahan W U, and Norris, W G Pancreatic Adenoma with H\po- 
gb^emia Am J IM Sc , to be published 

5 Wilder. R Tumor der Langerhansschen Inseln mit H 3 perinsuhnis- 

mus, Verhandl d deutsch Gesellsch f inn ^led 40 223, 1928 
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A similar case was reported by Fmne> and Finney,® who were the first 
to attempt surgical tieatment of this condition Their patient had suf- 
fered from spells of mental confusion and peculiar behavior for four 
years, with decreases m the blood sugai to as low as 0 03 per cent At 
operation the pancreas appeared normal Following the removal of a 
portion weighing 22 5 Gm , the tendency of the blood sugar content to 
fall below normal was checked for several days Later, hypoglycemic 
symptoms appealed, although appaienth they were not as severe as 
before In such cases, overproduction of insulin may depend on stimu- 
lation by nervous mechanism or some other cause That the disorder 
may exist without visible abnoimality is not surprising, since the opposite 
condition, diabetes, may likewise occui without visible change m the 
islands of Langerhans 

Direct proof that hypei insulinism actually exists m cases 2 and 3 
cannot be furnished There is no satisfactory method of assaying the 
insulin in the blood In the cases of tumors of the pancieas, the idle 
of the pancreas was demonstrated positively only by surgical exploration 
or by necropsy, yet it is possible that the clinical differ entiation of hypei- 
nisuhnism and selective hepatic insufficiency may be made by indirect 
methods Epinephrine and solution of pituitary do not affect the blood 
sugai of a dehepatized animal The rise m blood sugar content follow- 
ing the administration of these agents might, theiefoie, be taken as 
evidence that m cases 2 and 3 the hvpoglycemia was not due to loss of 
hepatic function In case 1, epinephrine and solution of pituitary did 
not have an\ effect, presumably because of the overwhelming amount 
of insulin 111 the body Here the amount of sugar required to prevent 
hypoglycemia may help m the diagnosis Mann and his cowoikers found 
that a dehepatized dog requires from 0 25 to 0 5 Gm of dextrose for 
each kilogram of body weight each hour to maintain the blood sugar 
level The calorie equivalent of the maximal lequiiement is approxi- 
mately equal to the basal heat production One might assume that the 
loss of hepatic function m man would create a demand for a correspond- 
ing amount of sugar Therefore, if the calorie equivalent of the sugar 
required to prevent hypoglycemia m a man at rest were much m excess 
of the basal heat production, it might indicate that sugar was required 
not merely to compensate for loss of hepatic function, but to meet the 
demand for increased utilization due to insulin Using a rough calcula- 
tion and assuming that the average basal heat production of a man is 1 
calorie for each kilogram each hour one might conclude that if more 
than 0 25 Gm of sugar for each kilogram of bod^ weight each hour 

6 Finne\ J T , and Finnev, J M T, Jr Resection of the Pancreas, 
Ann Surg 88 584, 1928 
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weie leqmied, hypoglycemia must be due to hjpennsulmism In case 
1, approximately twice this amount was eventuall} needed In cases 2 
and 3, the amount of sugar needed was not gieat enough to make this 
ciiteiion applicable Yet m each of the thiee cases the diagnosis of 
hypermsuhnism seemed logical 

The psychiatrists who obseived the case lepoited by Finney and 
Finney suspected hysteiia, and the failuie of the opeiation to give com- 
plete relief appaiently led to the conclusion that “the spells aie wholi) 
psychogenic in oiigin ” No doubt, in many such cases the patients aie 
dismissed with this diagnosis Other cases piobably aie diagnosed as 
epilepsy Howevei, when blood sugai deteiminations show that the 
symptoms aie invaiiably associated with h}poglycemia and that imme- 
diate lelief follows elevation of the blood sugai, the diagnosis of h}stena 
or neurasthenia is dangei ous It can be i ecalled that the nervous mani- 
festations of hyperthyi oidism weie often attiibuted to neuiosis 

The obvious treatment of hypei insuhnism is to piovide sugai, oi 
othei carbohydrate food, m sufficient amounts and at the piopei time 
to maintain the blood sugar level If the symptoms aie mild, this might 
be done without difficulty, but in the cases desciibed, even with the 
knowledge of the lemedy, it has been impossible foi the patients to lead 
a normal existence Unusual exertion oi failuie to take sufficient food 
piecipitated loss of consciousness, and unbioken sleep was impossible 
Medical measuies have been of little value Epinephiine h\diochloride, 
solution of pituitaiy and ephediine have only transitoiy effects Because 
of the analogy of the condition to hypei thy roidism, as pointed out l)^ 
AVilder,® suigical measuies appeal to offer the gieatest benefit In cases 
of hypei insuhnism due to a localized tumoi, complete cine should follow 
excision Overactivity of the whole gland which piobably existed in the 
two cases m which opeiations weie peifoimed is, natuially. moie difficult 
to remedy In neither case was complete lehef obtained, but in one 
case the impiovement was consideiable 

SUMMARY 

Hypei insuhnism due to oveipioduction of insulin fiom a tumoi of 
the islands of the panel eas is now established as a disease entit} It 
IS probable that hypermsuhnism may also be due to a functional dis- 
turbance of the pancreas The diffeiential diagnosis of hypoglycemia 
due to hypennsulmism and hypoglycemia due to selective hepatic insuffi- 
ciency IS a difficult clinical problem Two ciiteria may liaie yalue in 
differentiation the effect of epinephiine In diochloiide and solution of 
pituitary, and the amount of sugar required to maintain the blood sugar 
level When the hypoglycemic tendency is so strong that the patient n 
incapacitated surgical tieatment appeals to promise relief 
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Three cases are described in which there was a constant tendency 
to severe hypoglycemia attiibuted to hyperinsuhnism In case 1, there 
was a carcinoma of the islands of Langeihans In case 2 , surgical 
exploration revealed a noimal appearing panel eas Resection of a part 
of the pancreas was followed by considerable relief In case 3, in which 
medical treatment alone was given, the patient is still under observation 



AN IMPROVED DUODENAL TUBE 


ITS ADVANTAGES^ V^ITII A BRIEF OUTLINE OE DUODENAL 

INTUBATION "■ 

C VICTOR RICHARDS, MD 

BALTIMORE 

Nonsurgical chainage of the gallbladder incident to a complete in\es- 
tigation of the gatio-intestinal tract has heietofoie lequired se\eial 
houis With the impioved tube and alteied technic, it lequnes only 
one-half horn 


DESCRIPTION OF THE TUBE 

The olive The fenestrations and lumen are larger, the lumen extending 
throughout the entire olive, all sharp edges are rounded, polished and gold plated 
to prevent discoloration and corrosion 

The tube The overall diameter of the tube and of the olive are thus approxi- 
mately equal The proximal end attachments are omitted as unnecessary An all 
rubber, 3 ounce syringe ivith a hard rubber or bakelite cannula is all that is 
necessary It facilitates the method of obtaining material for culture 


TECHNIC 

The following is an outline of the technic to be used 
Time Preferably 9 a m , on a fasting stomach 
Material 

(a) Hypertonic solution of sulphate of sodium, magnesium, potassium and 

calcium warmed 

(b) Author’s modified tube 

(c) Funnel-shaped cannula to fit the proximal end of the tube 

(d) Three ounce all rubber syringe 

The instruments are submerged m a jar of 95 per cent alcohol, 
they are thoroughly washed, but not boiled 
(c) Sterile water m 500 cc flasks covered with 50 cc jar sterilised daih 

(f) Sterile large test tube 

(g) Astringent solution 

Stage I Position of Patient (Seated or Standing) 

(a) Direct the olive gently to the pharynx, after one swallow the tube maj 

be continued to notch II without any interruption or reflex gagging 
Place the patient on the right side, recene the stomach contents 
by sj^phonage Titrate and examine microscopicalh 

(b) Wash three times with 500 cc of sterile w'ater or with some mild 

astringent 

Stage II 

(a) Advance the tube to notch III Allow' the greater curiature of the 

stomach to direct the tube into the duodenum Sjphon the duodenal 
contents , examine microscopicallj and culture 

(b) Wash as in stomach method 


Submitted for publication, Nov 7, 1928 

Read before the l^Iedical and Chirurgical Faculty, Feb 15, 1928, at Baltimore 
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(c) Localize tube 

1 Observation b}"- injecting- air Usually sensations felt above the 

umbilicus indicate that the tube is in the stomach, if below 
the umbilicus and more definitely sensed, in the duodenum 
The sound transmission due to the pressure required with air and 
liquid IS distinctly different, being cavernous in the stomach 
and muffled and distant in the duodenum 

2 Fluoroscopic localization is never needed 

Stage III 

{a) Instil hypertonic solution of from 25 to 50 cc with moderate force, 
retain until nausea is experienced or until after a five minute lapse 
of time, then allow to syphon back into the sterile container Bile 
fractions are obtained as usual 

(6) A test tube of 95 per cent alcohol is sufficient for sterilization of the 
proximal end of the tube, which can be placed in a sterile test tube 
to receive the contents for culture 

(c) Wash or instil suitable preferred solutions and withdraw the tube 
slowlj”- without interruption 

ADVANTAGES OF IMPROVED TUBE 

The advantages of the new tube ate all due to its increased iigidity 
and diametei Its advantages duiing administration are as follows 
(o) Swallowing, peiistalsis and fluoroscopic localization aie unneces- 
saiy 

(&) The contents of the stomach, duodenum and gallbladdei can be 
obtained in one-half hotii 

(c) The tube does not become knotted 

These advantages enable the opeiatoi to peifoim as a loutine 
measure a technic on a pai with that of the examination of the heart, 
lungs and kidneys 

The advantages during the instillation stage aie 
(o) The lumen and fenestiations permit the exit of heavy mucus 
by syphonage alone Essence of caioid is a distinct adjunct when 
tenacious mucus is encountered 

(h) The fanhke splashing of the duodenal wall by the hypertonic 
solution provides a laigei surface aiea in stimulating the neuromuscular 
mechanism incident to di ainage of the gallbladder 

(c) Reflex gagging and vomiting are practically negligible, but if 
they do occui, the}" do not eject the tube 



TOXIC ADENOMA OF THYROID 


SOLOAION GINSBURG, 2^1 D 

NEW YORK 

A leview of the Iiteiatuie shows that toxic adenoma of the thyioid 
has been consideied undei a vaiiety of names Some of these synoinms 
aie 

Enlargement of the thyroid gland in connection with enlaigcment or palpitation 
of the heart — Parry ^ (1825) 

Constitutional lodism — Rilliet" (1859) 

Iodine exophthalmic goiter, iodine Graves’ disease — Trousseau" (1860) 
Formes frustes exophthalmic goiter — ^Trousseau^ (1862), Mane" (1883) 
Secondary Basedow — Gauthier® (1893), Buschan’ (1894) 

Basedowified goiter — Mane® (1897) , Struma basedowificata — Kochcr ' (1906) 
Goiter heart — Kraus” (1898) 

Iodine thyroidism — Breuer” (1900) 

Basedowid — Stern” (1908-1909) 

Toxic nonexophthalmic goiter — Plummer” (1912) 

Submitted for publication, Dec 28, 1928 
’*'From the Radium Clinic of Beth Israel Hospital, New \oik 

1 Parry, C H Collection from the Unpublished Medical Yntiiigs 2 111, 

1825 

2 Rilliet, F Memoire sur I’lodism constitutional, etc , presente a 1 academie 
imperiale de medeeme le II Janvier 1859, Gaz med de Pans, I860, \vnl 

3 Trousseau, A Du goitre exophthalniique, Gaz d hop 33 553, 1860 

4 Trousseau, A Du goitre exophthalmique ou maladie de Gra\e, Clinique, 

Pans 2 614, 1862 

5 Mane, P Contribution a I’etude et au diagnostic dcs formes triistcs de 
la maladie de Basedow, These dc Pans, 1882-1883, p 1 

6 Gauthier, G (de Charolle) Des goitres exophthalmique, secoiidaircs on 
symptomatique, Lyon med 72 41, 82 and 120, 1893 

7 Buschan, G Die Basedow’sche Krankheit, cine Monographic Von dcr 
Berliner Hufel- und -Gesellschaft preisgekronte Arbeit, Leipsic und Vienna I ran/ 
Deuticke, 1894 

8 Mane, P Maladie de Basedow ct goitre Basedow ific, Bull ct mem Soc 
med d hop de Pans 14 57, 1897 

9 Kocher, T The Pathologj of the Tlnroid Gland, Bnt M J 1 1261, 

1906 

10 Kraus, F Kropfhcrz Krankheitcn der Schilddruse, m Ebstein und 
Sclnvalbe Handbuch der Praktischen klcdizin, 1898 lol 2, p 240 

11 Breuer, R Actiologie der Basedow schen Krankheit und dcs Tlnreoidis- 
mus, Wien kim Wchnschr 13 641, 671, 1900 

12 Stern, R Differcntialdiagnose und Vcrlauf des Morbus Basedow n und 
seiner unvolkommenen Formen, Jahrb f Psechiat u Neurol 29 179, 1008-1909 

13 Plummer, H S , m discussion followmig paper b\ Marine, D Vnatomic 
and Phjsiologic Effects of Iodine on Thjroid Gland of Exophthalmic Goiter 
TAMA 59 325 (Aug 3) 1912 
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Toxic adenoma of the th 3 ’T 0 id — Plummer (1913) 

Adenoma with h 3 fperthyroidism — Plummer” (1916) 

H 3 "per functioning- adenomatous goiter — Plummer” (1921) 

Iodine h 3 'perth 3 Toidism — ^Jackson” (1924) 

Nodular goiter with hyperthyroidism — Rienhoff” (1927) 

In a recent study of the goitei problem, Aschoff stated “We 3vere 
able to sho-w that the nodulai foim -was not a kind of hypeiplasia or 
hyperplastic condition, as was then believed, but that we were dealing 
with a definite tumor formation, namely, adenomata ” Do simple ade- 
nomas of the thyioid gland become toxic? “Indeed, they do,” is Ashoff’s 
affirmative lepty “Struma nodosa basedowificata,” or toxic adenoma 
of the thyroid does exist If simple nodular goitei is almost invariably 
synonymous with simple adenoma of the thyroid, toxic nodular goiter is 
equally synonymous with toxic adenoma of the thyroid Hence, clini- 
cally, a tentative diagnosis of toxic adenoma of the thyioid is warranted 
whenever a nodulai thyioid is associated with the constitutional symp- 
toms of exophthalmic goiter with or without the oculai manifestations 
of the disease This tentative clinical diagnosis is coiroborated if iodine 
medication ameliorates or aggravates the symptoms, or if surgical 
enucleation oi successful irradiation of the adenoma cuies or markedly 
improves the patient 


REVIEW or THE LITERATURE 

Almost a centuiy has elapsed since the names of Graves and 
Basedow have become closely associated with the clinical concept 
exophthalmic goiter During this period of time, knowledge of this 
disease has gioivn and become vastly more extensive than that of its 
original discoverers The so-called classic triad of symptoms — exoph- 

14 Plummer, H S The Clinical and Pathologic Relationship of Simple 
and Exophthalmic Goiter, Am J M Sc 146 790, 1913 

15 Plummer, H> S The Function of the Th 3 "roid Gland, Normal and Abnor- 
mal, Tr A Am Phys 31 128, 1916 

16 Plummer, H S Interrelationship of Function of the Thyroid Gland, 
I A M A 77 243 (July 23) 1921 

17 Jackson, A S Iodine as a Cause of Hyperth 3 T 0 idism, Lancet 44 324, 
1924 

18 Rienhoff, W F,Jr Hyperthyroidism and Its Relation to Benign Tumors 
of Th^ roid Gland, South M J 20 901 (Dec ) 1927 

19 Aschoff, L The Goiter Problem, Lectures on Pathology, New York, 
Paul B Hoeber, Inc , 1924, pp 313-339 

20 Graham, A , and Cutler, E C Exophthalmic Goiter and Toxic Adenoma 
Similarity of Response to Iodine, Ann Surg 84 497 (Oct) 1926 Youmans, 
J B , and Kampmeier, R H Iodine in Toxic Adenoma, Arch Int Med 41 66 
(Jan) 1928 

21 Kimball, O P Differential Diagnosis of Hyperthyroidism, Ohio State 
AI J 20 421 1924 Boothb 3 , W M The Use of Iodine m Exophthalmic 
Goiter, Endocrmolog 3 ’- 8 727, 1924 Jackson, A S Goiter and Other Diseases 
of the Tlnroid Gland, New York, Paul B Hoeber, Inc, 1926 
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thalmos, tachycaidia and goitei — is no longer considered alisoluteh 
essential for the coriect diagnosis of the disease Formes frustes ha\e 
been described and lecognized The thyioid factoi is no longei consid- 
eied a mere secondary phenomenon among the essential manifestations 
of the disease A definite, pathologic condition of the thyioid gland 
has gradually become more and moie lecognized as the essential undei- 
lying condition and mainspiing of the disease Thyrotoxicosis, 
hyperthyioidism and dysthyroidism have become almost nnnersallv 
synonymous teims with exophthalmic goiter 

Nevertheless, gieatei knowledge and changed conceptions of the dis- 
ease have not dimmed the memoiy nor maned the lustei of the names 
of Graves and Basedow With the passing of the years their fame and 
populaiity, instead of being on the wane, appear to be on the increase 
Moreover, not only in discussions of classic exophthalmic goiter aie 
their names frequently on the lips of every tyro in medicine, but also 
in association with toxic adenoma of the thyroid And yet neithei 
Giaves nor Basedow ever reported any cases that could have been 
classed with toxic adenoma The first observer to whom this honor is 
due — as was recently pointed out by Sir Flumphiy Rolleston — is no 
other than Caleb Hillier Pairy who “in 1786, left an account of exoph- 
thalmic goiter so complete and oiiginal that it more justly entitles him 
to the honor of its discoveiy than eithei Flajani (1800), Gia\es (1835) 
or Basedow (1840) ” In the same study, published posthumously in 
1825, to which the distinguished Ameiican medical histoiian, Fielding 

22 Greenfield, W E The Bradshaw Lecture on Some Diseases of the Th\- 
roid Gland, Delivered Before the Royal College of Physicians, But T 2 13 
(Dec ) 1893 Joffroy, A , and Achard, C Contribution a I’anatoniie pathologique 
de I’maladie de Basedow, Arch de med exper et d’anat path 5 807, 1893 Renaut 
Corps thyroide et maladie de Basedow, Semaine med 15 327, 1895 Farmer, E 
Beitrage zur pathologische anatomie des Morbus basedowii mit besonderen 
Beruchsichtigung der Strumen, Virchows Arch f path Anat 143 509, 1890 
Muller, L W Beitrage zur Histologic der normalen und der erkrankten Schild- 
druse, Beitr z path Anat u z allg Path 19 127, 1896 Hamig G Untersiich- 
ungen uber Morbus basedowii. Arch f klin Chir 55 1, 1897 Hanseniann, D 
Schilddruse und thymus bei der Basedow’sehen Krankheit, Berl khn Wchiuchr 
42 65 (Oct 30) 1905 Ewing, J Exophthalmic Goiter from the Standpoint of 
Serum Therapy, New York M J 84 1061 and 1114, 1906 Lewis, D D The 
Pathological Anatomy of Exophthalmic Goiter, Surg Gyiiec Obst 3 . 476, 1906 
Kocher, T The Pathology of the Thjmoid Gland, Brit M J 1 1261, 1906 
Kocher, A Die histologische und chemischc V eranderung der Schilddruse bei 
Morbus basedowii und ihre Beziehung in Funktion der Druse, Virchons Arch f 
path Anat 208 86, 1912 

23 Graves, R J System of Clinical Medicine, Dublin, 1835 

24 Basedow, K Exophthalmos durch Hypertrophic der Zellgewcbe in der 
Augenhohle, Wchnschr f d ges Heilk , Berlin, 1840, pp 199-204, 220-228 

25 Rolleston, Sir Humphry Caleb Hilher Parr\ , M D , F R S Ann M His- 
tory 7 205, 1925 
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H Garrison, so eulogistically refeis, theie is also the fiist account of 
toxic adenoma of the thyroid leported in the medical liteiature 

Miss P , of a gouty and nervous family, had had an enlargement of the thyroid 
for more than twenty years, which has been very much increased lately 
The swelling began on the right side and is now nearly equal on the left but extend- 
ing far upwards It is not sore but occasionally uneasy For the past eight 

or nine years, following an attack of gouty arthritis of several weeks’ duration, 
she began to be subject to depression of spirits, frequent headaches, violent palpita- 
tion, extreme nervousness and moderate tachycardia She has taken Bark, 

Sponge, Calomel, Antimony, Sarsaparilla, Soda, has tried sea bathing and used 
mecurial friction, which made her faint 

Although Party was the oiigmal discoterei of exophthalmic goiter 
and toxic adenoma, he did not make any distinction between these two 
types of cases, for his view of the idle of the thyroid gland in this 
disease — which eponymically should have been best known as Parry’s 
disease — was fai removed fiom the current theoiy of thyi otoxicosis 
Instead of looking on the abnoimal enlargement of the thyioid as a 
pathologic piocess responsible foi the toxic clinical manifestations of 
the disease, he peiceived in this enlargement a beneficent piotective 
response The physiologic function of the thyroid gland was entirely 
unknown duiing his time Greatly impiessed as he was by the enlarge- 
ment of the thyroid gland, he was even moie stiikingly impressed by 
the headward throbbing carotids and the maiked nervous and psychic 
manifestations of the disease Hence, he concluded that the primary 
site and origin of the disease must be located m the biain, having been 
induced theie by a morbid deteimination (flow) of blood — ^the cm rent 
explanation f oi many nei vous ailments dm mg Parry’s time “ ' But 
what puzzled Party was that if this disease was a primary condition of 
the brain, what was the significance of the coincident enlaigement of the 
thyroid gland ^ On furthei leflection and speculation, he came to the con- 
clusion that “the coincidence is so fiequent and lemarkable that one can 
scaicely avoid suspecting that the th)'ioid gland, of which no use what- 
evei has hitherto been hinted by ph)'^siologists is intended in pait to 
serve as a diveiticulum in order to aveit fiom the brain a pait of the 
blood, which, urged with too gieat foice by Aaiious causes, might chs- 
oider 01 destioy the functions of that important oigan ” 

If Pai ry assigned at least an important secondar}^ — ^protective shunt- 
ing — role to the thyioid gland m toxic adenoma, the next most impor- 
tant contributoi to this inteiesting pioblem, Rilliet" of Geneva, almost 
entiiely denied the significance of the thyioid in what has since most 
populaily become known as “iodine Basedow” or iodine hyperthyi oid- 
ism Under the title of “Constitutional lodism,” Rilhet,^^ in 1859, pub- 

26 Garrison, F H History of Medicine, Philadelphia, W B Saunders 
Company, 1914 

27 Parry, C H Elements of Pathology, London, 1815, vol 1, p 187 
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lished a compiehensive monograph in which he exposed the dangers of 
the admimstiation of iodine both in the pi oph} lactic and in the cuiatnc 
tieatment foi simple goitei Fiom a stud}’- of the liteiatuie and his own 
obseivations, he collected a senes of cases m wdiich aftei iodine medica- 
tion theie developed all the typical symptoms of toxic adenoma, namely, 
lapid loss in weight m spite of bulimia, diaiihea, treraoi, taclncaidia, 
mental distuibances, etc Faiily illustrative of these obseivations is 
case 1 of his own senes 

Rilliet’s Case — A man, aged SO, had noticed since j'oulh a hard, irregular 
tumor mass in the right lobe of the thyroid gland The mass was sjmptomless, 
grew slowly and had reached the size of an orange in April, 1857, when the man 
accidentally first came under medical observation Although the goiter -was entireh 
symptomless, iodine medication was advised in order to induce the disappearance 
of the unsightly tumor mass Within six days after iodine therapy was started, 
during which time the total dose of the drug taken barelj exceeded 1 gram (0 065 
Gm ) the patient developed rapid and progressive loss in weight His eves showed 
a definite stare He became gloomy and depressed His weakness became so 
profound that he was unable to attend to his occupation There w’as a complete 
change in his personality He became lachrymose and sleepless His \oice sounded 
cracked and tremulous Both upper and lower extremities show'cd a definite 
tremor With the progressive development of emaciation, the thyroid tumor shrank 
to three fourths of its former size, but the general condition of the patient had 
deteriorated greatly and his condition appeared to be so grave that a fatal issue 
was expected 

Under treatment wnth tonics and with a change of scene, the symptoms giadu- 
ally subsided, but not before the lapse of seven months after the patient of his 
own accord had abruptly stopped taking the iodine and had wrathfully flung the 
medicine bottle with its unfinished contents into the lake of Geneva did he reco\er 
his former health 

With the complete regaining of his health and strength, the goiter returned to 
its original size and symptoniless condition 

Of the twenty-thiee cases pet sonally obsei ved by Rilhet, twenty of the 
patients recoveied , one had persistent symptoms at the time of the report, 
and two died In addition, Rilhet found five deaths repoi ted in the htei a- 
tme In almost all these cases of so-called “constitutional lodism,” with 
few exceptions, the toxic manifestations occuired m patients with clini- 
cally demonstiable preexisting goitei In the majority of these cases, 
the goiter shiank during the height of the constitutional s}mptoms and 
1 etui lied to its foimer size wdien the patients recoiered their foimei 
health What intei pi etation w^as to be given to these important obser- 
vations? What part did the goitei play m the oiigin and de\elopment 
of these toxic constitutional siunptoms^ Pievious investigatoi s Roser,-'' 
Pievost, Lebeit"° and otheis, wdio had made similar obseriations ‘^ug- 

28 Roser Ueber die sogenannte Jodkrankheit, richtiger Krankhcit dcr ler- 
triebenen Kropfe, Arch f d ges PIwsiol 7 74, 1848, Ueber Jodkr'inkhcit und 
uber die kropfkachexie, falschlich auch Jodkrankheit genannt, ibid 3 494, 1859 

29 Lebert, H Die Krankheiten der Schilddruse Breslau, 1862, p 229 
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gested lesoiption of abnoimal goitei pioducts as the underl 3 /ing cause 
of the toxic constitutional symptoms Rilliet consideied this explanation 
untenable foi thiee leasons 

1 Constitutional lodism has been obseived among patients who clini- 
cally failed to show an} goiter 

2 Constitutional lodism has been obseived among patients in whom 
the thyroid swelling did not dimmish at the height of the constitutional 
symptoms 

3 Constitutional lodism has not been obseived in the gieat majoiity 
of patients whose goiteis did disappear undei treatment with iodine 

Nor did Rilhet agree with the view of the famous Parisian clinician, 
Tiousseau, who suggested that “constitutional lodism” is merely atypical 
01 latent exophthalmic goiter fanned into activity by iodine medication 
Against this view he opposed the following differential diagnostic pic- 
tuie, the caidinal features of w’’hich hardly differ from those of lecent 
publications on the diffeiential diagnosis of toxic adenoma and exoph- 
thalmic goiter 

Constitutional lodism 

1 Fairlj" frequent in Geneva since the 
introduction of iodine therapy by 
Coindet “ in 1820 

2 Onset after use of iodine in persons 
who previoush were perfectly 
healthy 

3 Exophthalmos is absent 

4 Goiter is present for many months 
or )"ears before the onset of the 
toxic constitutional symptoms 

5 Goiter is avascular, nonpulsatile 

6 Goiter decreases m size at the height 
of the toxic constitutional symp- 
toms 

7 Goiter enlarges and returns to its 
former size when cachexia disap- 
pears 

8 Tremor is marked 

9 Bulimia is frequently present 

10 Loss m weight, m spite of bulimia, 
is always present 

11 Prognosis not very grave The con- 
dition is only an incident m health 
Remove the cause — iodine — and the 
patient usually gets well within a 
few months, without the return of 
the illness 

30 Toraude, L G Bernard Courtois (1777-1838) et la decouverte d I’lode 
(1811), Pans, Vigot Freres, 1921 


Exophthalmic Goiter 

1 Not any more frequent in Geneva 
after than before the introduction of 
iodine therapy 

2 Onset without the use of iodine, 
although intake of iodine may have 
aggravated the symptoms 

3 Exophthalmos is present 

4 Toxic constitutional symptoms are 
present long before the appearance 
of goiter 

5 Goiter is vascular, pulsatile 

6 Goiter increases m size at the height 
of the toxic constitutional symp- 
toms 

7 Goiter diminishes m size when 
cachexia disappears 

8 Tremor is faint or absent 

9 Bulimia is rarely present 

10 Loss in weight may be absent 

11 Prognosis grave Cause unknown 
Duration years Relapses frequent 
Mortality high 
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Being convinced in Ins own mind that “constitutional lodism ’ was a 
definite clinical entity in winch neither simple noi exophthalmic goitei 
plays any significant pait, Rilliet aigiimentatnel} queued, “Don’t nc 
admit the presence of an arsenical, lead, mercuiial, oi alcoholic cachexia^ 
Why then deny to lodin a similai idle 7” 

Rilliet's differential diagnostic pictuie failed to impiess Tiousseaii 
Prompt and incisive, Tiousseau’s^ lepl) came back 

When we see that such feeble doses as 10 msiu of lodin gncn once iii twentj- 
four hours are able to produce severe intoxications , when we are told by Rillict 
that even a trip across the ocean in an lodin charged atmosphere is sufficient to 
bring in its trail all the symptoms of “Constitutional lodism” , we are inclined 
to think that these exposed individuals had already been affected w ith exophthalmic 
goiter How else can one explain this contradiction between the experience of 
all other observers and those of Dr Rilliet unless we assume the prior existence 
of a morbid element which, under the stimulus of the iodine medication, has been 
aroused to markedly increased activity? 

Every day, in every countr}’’, in Pans as w'ell as in Geneva, lodin is given m 
large doses as high as two, three, or four grams m twenty-four hours Never 
have any accidents occurred, although the same dose of the medication has been 
kept up for seveial weeks Therefore, when we see, on the contrarv, that almost 
infinitesimal doses of iodine do at times produce enlaigement of the 

thyroid gland, bulimia, and various nerv'ous manifestations, we must admit that in 
these exceptional instances we arc dealing with cases of exophthalmic goiter 

111 his reply, Trousseau paid no attention to the piesence oi absence 
of exophthalmos as an important dififerential diagnostic point betiieen 
“constitutional lodisni” and exophthalmic goitei For, in common with 
Pariy and other observeis, he had known of cases of exophthalmic 
goiter without exophthalmos Indeed, so well infoimed was he on the 
variations of the clinical course of the disease that he discussed fieeh 
and deliberately foimes fiustes cases of exophthalmic goitei long before 
Pierie Mane, in 1883, iviote his famous thesis in wdnch he called special 
attention to these atypical foims, m which at times neithei clinicall} 
demonsti able goitei noi exophthalmos is present 

Although the subject of toxic adenoma had been thus unknow ingh 
leceiving consideiable attention in the medical hteiatnre,’’’- it did not 
loom large either as a theoretical oi a piactical pioblem until after the 
thyioid factoi assumed the centei of the stage in 1886, wlien ^Moebius ~ 
fiist formulated the thyiotoxic theory of exophthalmic goitei When 
the inhibitions elected universally by the adheients of the neurogenic 
theoiy against incriminating the thyroid gland as the undeilxing cause 
of the toxic manifestations in exophthalmic goitei had been sprung b\ 

31 Sattler, H Die Basedovv’sche Krankheit 2 537, 1910 

32 Moebius, P J Vom Verhaltnisse der Polioencepbahli'; zur En^cdow’schcti 
Krankheit m Jendressik, E Schmidtk Jahrbiicher dcr ifcdizm ISSd vo! 210, 
p 237 
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Moebius’ keen leasoning,^® surgery at once boldly entered the theia- 
peutic field Thyroidectomy for the curative tieatment of exophthalmic 
goiter suddenly leceived a tremendous impetus Whereas until 1886, 
scarcely a dozen reports of suigical intervention in cases of exophthal- 
mic goiter are contained among the 375 lefeiences quoted by Halstead 
in his monograph on “The Opeiative Story of Goiter,” within the next 
decade more than 100 reports are tabulated by Sattlei and Kinmcutt ““ 
It was soon peiceived by every careful student of patients on whom 
thyroidectomy had been perfoimed that the surgical results were strik- 
ingly diffeient in cases of “primaiy” fiom those m “secondary” cases 
of exophthalmic goitei, m which the symptoms had supervened on an 
old pieexisting goitei Wheieas in “primary” exophthalmic goitei the 
surgical failures weie many and the recurrences frequent, the success 
after the initial mortality in cases of “secondaiy” oi “goiter heart” was 
satisfactoiy So strikingly diffeient weie these lesults that such emi- 
nent students of the disease as Gauthier, Buschan," Mane,® Kraus 
and others who continued to cling to the nervous system as the piimary 
site and origin of the disease, and assigned to the thyioid a mere sec- 
ondaiy role in primary exophthalmic goiter, acceded to the thyroid a 
primary thyiotoxic role in secondaiy Basedow 

Briefly summarized, the chief aiguments of these eminent clinicians 
in favor of the dual natuie and oiigin of toxic goiter were as follows 


Exophthalmic Goiter 

1 Occurs m younger persons 

2 Goiter develops long after the onset 
of the toxic constitutional symptoms 

3 Exophthalmos is frequently present 

4 The course of the disease is fre- 
quently severe 

5 Surgical intervention is rarely cura- 
tive 


Secondary Exophthalmic Goiter, 
“Goiter Heart” (Toxic Adenoma) 

1 Occurs m elderly persons 

2 Goiter exists for many years before 
the onset of the toxic symptoms 

3 Exophthalmos is frequently absent 

4 The course of the disease is often 
mild 

5 Surgical intervention is frequently 
curative 


The major objection, however, which was specially stiessed by 
Kraus,^® in 1898, against the unitary conception of exophthalmic goitei 
and “goitei heait” and against the thyiotoxic oiigin of primary exoph- 


33 Moebius, P J Ueber des Wesen der Basedow’schen Krankheit, Centralbl 
f Nerven u Psychiat 10 225, 1887 

34 Halstead, W S The Operative Storj of Goiter, Reprint, Bull Johns 
Hopkins Hosp 19 71, 1920 

35 Sattler, H Die Basedowsche Krankheit, vol 1, Leipzig, 1909 

36 Kinmcutt, F P The Theory of the Thyroid Origin of Graves’ Disease 
ivith its Bearing on the Surgical Treatment of the Disease, M Rec 49 541 (April) 
1896 
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thalmic goitei, was the failure, by means of thyioid products, to pioduce 
expel imentally exophthalmos and the other oculax signs in the piescncc 
of all the other toxic phenomena of the disease 

Hardly had this chief objection been foinuilated b\ Kiaus when it 
was piomptly answeied by a senes of foituitous human clinical expeii- 
ments lepoited by NotthafV^ Gauthier^® and Bieuei “ 

NoTTiiArx’s Case — A man, aged 43, slightly distressed b\ ohesitj, was adMsed 
by a friendly druggist to try 5 gr (0 324 Gm ) tablets of tlw roid extract to 
produce a reduction cure Within five w'eeks the patient consumed 1,000 such 
tablets The result was a rapid loss of 30 pounds (13 6 Kg ) in w'cight, accom- 
panied by the development of all the symptoms of exophthalmic goiter, including 
exophthalmos The medication was stopped at the beginning of the sixth week 
Six months later the constitutional sjunptoms were diminished, but exophthalmos 
was still present It w'as four months later before the patient tiilh recoicrcd 

Even moie illuminating w^as Gauthiei’s case 

Gauthier’s Case — A woman, aged 50, had a slowlj growing goiter of several 
years’ duration The tumor mass, more marked on the left, had reached the sire 
of an orange Presently, she began to suffer from dyspnea and orthopnea She 
applied to a druggist who gave her an iodine preparation to be painted over the 
region of the neck and tumor A few weeks later, failing to note anj improve- 
ment, she again consulted the same druggist who prescribed, m addition, iodine 
medication internally The result was the development a few days later of tjpical 
exophthalmic goiter with marked exophthalmos She vv^as treated medicallv, and 
four weeks later she began to show signs of improvement Two or three months 
later, thyroidectomy was performed Twenty-four hours after the opeiation, the 
patient died in a typical thyroid crisis Necropsv failed to show anv organic 
disease to account for this sudden death 

Equally illuminating and coiioboiative of these facts, showing the 
hidden i elationsliip between “simple” and toxic goiter and the close 
lelationship between toxic adenoma and exophthalmic goitei, weie the 
obseivations of Bieuer m nine cases of goitei, of w'hich the following 
thiee aie excellent illustrations 

Breuer’s Case 1 — A woman, aged 56, first came under observation on ^^arcIl 
13, 1900, complaining of slight palpitation on exertion, slight headache and draw ni"' 
pains in her legs 

Her past histor 3 ^ was entirelj'- negative except for a goiter winch h.id first been 
noticed eighteen j^ears prior to observation, during pregnanev liie goiter after 
growing rapid!}' m size for several w'ecks, had remained stalionarv ever since 
The only two abnormal objective signs found on examination were a large soit 
goitei , a soft diastolic murmur ov'er the sternum The patient looked calm and 

37 Notthaft, A Em Fall von artificiellen akiiten thvreogcnen Morbus ba^c- 
dovvii, Zentralbl f inn I^Ied 19 353, 1898 

38 Gauthier, L Encore I’lode et la glande thvroidc, Rev mtd dc la Suie^c 
Rom 19 618, 1899 



82 


ARCHIVES OF INTERNAL MEDICINE 


well nourished She had no tremor, and her pulse was not accelerated A diag- 
nosis of arteriosclerosis was made, and iodine medication was prescribed For 
two weeks, with an interruption of nine days between, she took a daily dose of 
0 9 Gm Within less than a week after the medication was started the patient 
developed rapid reduction in the size of the goiter, marked restlessness, tremor, 
flashes of heat, rapid loss in weight m spite of good appetite and twenty 
diarrheal stools daily The frequency of the pulse rate rose to 120 The thyroid 
gland was found to have shrunken considerably in size, and on palpation, a node, 
the size of a hazel-nut, was felt m the left lobe of the gland Exophthalmos and 
von Graefe’s sign were absent, but a slight stare and Stellwag’s sign were detected 
The sj'mptoms continued for several weeks after the medication was discontinued, 
and when the patient was last examined her pulse rate was still 100 

Case 3 — A woman, aged 58, had an old goiter which had never caused anj 
Basedow^ svmptoms Within one week after taking 10 Gm of potassium iodide 
for arthritic pains, she developed headaches and marked weakness She stopped 
the medication, but the weakness kept increasing The goiter had shrunk only 
slightljq but the patient became irritable and developed marked tremor and tachy- 
cardia There was rapid w^asting, especially of the breasts Diarrheal stools were 
frequent but painless On examination, exophthalmos was absent but all the other 
ocular signs of exophthalmic goiter w'ere present, namely, stare and Dalrymple, 
Stelhvag and von Graefe’s signs Her pulse rate w'as 100 Slow improvement 
was first noticed one month after the iodine medication w^as discontinued 

Case 6 — A w^oman, aged 30, had a ‘thick neck” since youth She had always 
been w'ell, had ne\er been nervous or showm symptoms of exophthalmic goiter 
Her w'eight before the onset of her present illness w'as 130 pounds (59 Kg ) 
Purely for cosmetic reasons, she w'lshed to reduce the size of her thick neck, 
wdiich measured 38 cm in circumference At the advice of a physician she took 
thvroidm tablets for four weeks, but failed to notice any reduction She was then 
given an ointment of lodine-potassium-iodide to rub into the neck dailv This 
treatment was carried out for a period of forty-four da>s The goiter began to 
shrink in size, but simultaneously with this shrinkage the patient began to lost 
weight rapidly She grew nervous and developed palpitation even at rest She 
stopped the medication, but her symptoms persisted Her skin felt hot She gre\v 
w^eak, and w'as anno\ed by polvuna She perspired excessivelv and suffered from 
bulimia Twent}" da 3 s after the iodine medication was discontinued, examination 
showed a parenchimatous goiter with tw'O small nodular masses in the left lobe 
of the gland In addition to tremor and tachycardia, definite bilateral exoph- 
thalmos and positne Stelhvag and von Graefe’s signs were present 

Fiom a study of these thiee cases and similai ones, Bietiei came to 
the conclusion that all the toxic phenomena m “lodin-thyroidism” as 
well as in typical exophthalmic goitei aie due to resorption of thyioid 
pioducts He explained the absence of eye phenomena m some cases 
and then piesence in otheis on the basis of special local vasomotoi and 
oculai resistance or susceptibility, just as Kraus has assumed that in 
“goitei heart” there is a special caidiOA^ascular vulnei ability to the action 
of the lesoibed thyroid products Viewed by the light of these obsei- 
iations, Bieuei felt that the unitary conception of exophthalmic goitei 
was thus Miidicated and Kraus’ objections fully answered 
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This unitary conception of toxic goiter onginalh formulated b) 
Moebius had been repeatedly stressed by its author in numerous pub- 
lications As late as 1906, aftei a score of jears of intensne stud} and 
investigation of this important problem, Moebius-'” failed to peicene 
any fundamental distinction between the ^allous t}pes of toxic goiter 
He maintained 

The symptoms m secondarj Basedow present the same characteristics as m the 
primary form The cardiac disturbances, exophthalmos, and mental changes occur 
equall}^ m both It matters little whether the goiter preceded the s\mptoms b\ 
one year or fifteen years It is incorrect to speak ol complete and incom- 
plete Basedow' We should rather classif\ our cases into mild and se\crc 

forms, into those presenting main or few symptoms 

These views so teisely and emphaticalU expiessed b} ^Moebius kept 
gaining eier widei recognition among clinicians and pathologists toivard 
the end of the first decade of the twentieth centuu \s late as June 
1909, L B Wilson,^” the diiectoi of the pathologic depaitment of the 
Mayo Clinic, emphatically declared 

In examining cases of so-called simple goiter for exophthalmic s\ mptoms v c 
must get completely aw'ay from our old teachings that exophthalmos is a sine quc 
non of Graves’ disease The disturbed nervous, metabolic and muscular phenomena 
are quite essentially diagnostic Looked at from the clinical standpoint then, a 
case of Graves’ disease is one wuth an enlarged tinroid and exhibiting s\mptom'> 
of too much thyroid secretion, while a case of simple goiter is one with an tnlarccd 
thyroid, but exhibiting no such symptoms 

Even more emphatic at this time m his unitary attitude towaul toxic 
goitei was Charles H Mayo In discussing the operatne tieatment 
of “hyperthyroidism,” he stated 

The name commonly used exophthalmic goiter, is not a good tcim as man} 
of the patients do not have a goiter and others do not ha^e a prominent c\e, v bile 
some of them have neither of these sj mptoms in the earh stages of the disease 
when a diagnosis might be made if these sv mptoms were not considered oi so much 
importance In a death from an unoperated acute Graves disease m which 

the thyroid w'as apparently normal to palpation both before and alter death, the 
autopsy show'ed the gland to weigh nearh three times the normal, and to be tipic il 
m the structural changes present 

However, vvdiile this unitary conception of toxic oi exophtlialmic 
goitei was being publicly championed in print bv AVilson and Mavo an 
undercurrent of doubt was giadually emerging and sweeping aside the 

39 Moebius, P J Die Basedow sche Krankheit, Wien 1906 

40 Wilson, L B The Pathological Relationship of Exophthalmic Goiter 

and Simple Goiter, Surg Gvnec Obst 8 588, 1909 

41 klaeo, C H The Operative Treatment of Heperlln roidisni Surg 
Gynec Obst 8‘ 602, 1909 
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forme: unified point of view among the members of the Rochester 
Clinic The fiist to recede from his foimer unitaiy view was the 
pathologist, Wilson Only four yeais later, in 1913, he declared 

The solution of problems of the pathology of the thyroid has long been ren- 
dered more difficult bj indefinite clinical diagnoses and nomenclature 
While non-toxic cases usuall}’^ have been diagnosticated, “Simple goiter,” 
jet many cases with mild symptoms have also been called “simple goiter,” and 
many cases, though not true exophthalmic jet markedly toxic, have been called by 
most clinicians “exophthalmic goiter ” Though a sharp distinction between 

the two clinical tjpes of toxic cases — exophthalmic and non-exophthalmic — ^had not 
been made in 1908, I was able to show that pathologicallj’’ there were two distinct 
tj'pes of glands to be found among thjroids removed from toxic goiter cases 
Hjpertrophies, hyperplasias, and extreme regenerations, constituted 79 per 
cent of the total number of specimens examined, while fetal and colloid 

adenomas, the adenomatoses and the so-called simple thyroids, constituted 21 per 
cent of the specimens examined In reviewing the clinical data of his 

more recent cases, Plummer has found that practically all, if not all, of the cases 
of true exophthalmic goiter he in the pathological groups showing hj'pertrophy 
and hyperplasia, while the toxic non-exophthalmic cases are scattered among the 
other pathological groups 

Even more emphatic of the dual charactei of toxic goiter is Plum- 
mer’s own 01 iginal conti ibution which appeared simultaneously with 
Wilson’s He declaied 

Exophthalmic goiter is a definite clinical complex always associated with hyper- 
plasia of the thyroid, and should be sharplj' distinguished from the con- 

stitutional state or states that maj’- develop with non-hyperplastic goiter 
Can we associate the sj mptom-complex of non-hvperplastic toxic goiter with any 
definite pathological change in the thjmoid? For the present this question must be 
answered in the negative 

This negatne answer, however, is not entirely consistent with an 
important positive statement made incidentally in the text Although 
the close identification of toxic nonhyperplastic goiter with toxic or 
“hyperfunctioning” th 3 aoid adenoma had not as yet been definitely for- 
mulated in Plummer’s mind, nevertheless the budding growth of this 
hypothesis can be percened clearly emeiging through the lines In 
ref ei ring to the thyiogenic origin of exophthalmic goitei, he stated 

While I do not wish to enter into a discussion of this subject at the present 
time, I wish to call attention to a point in support of this theorj^ that, as far as 
I know, has not hitherto been made, namely that an individual, 22 years, with an 
adenoma of the thyroid has a definite chance of developing a train of symptoms 
during the thirtj'-sixth j'ear so similar to the sj mptom-complex associated with 
hj'perplastic thyroid that the best-trained diagnosticians are constantly confusing 
the two conditions 


42 Wilson, L B The Pathologj' of the Thjroid Gland in Exophthalmic 
Goiter, Am J M Sc 146 781, 1913 
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Piecisely how definite this chance is when judged by the fiequenc} 
of association of adenomas with toxic nonexophthalmic goitei at the 
time of operation at the Mayo Clinic was discussed by Wilson the fol- 
lowing yeai in two conti ibutions In a study of the pathology of 374 
thyroids fi om toxic nonexophthalmic goitei,^^ the following distiibution 
of the adenomas was found 


1 In 155 cases, “clinically in Pluminei’s sub-group I, i e , cases in 
winch the clinical picture closely lesembles and, in many instances, can- 
not be differentiated fiom, the cardiovasculai complex resulting from 
alcoholic, syphilitic, septic, and othei well-known toxins,” eatly fetal 
adenomas constituted 7 pei cent, degeneiatmg fetal adenomas, 14 per 
cent, adult “colloid” adenomas, 21 pei cent, secondaiy legenciation of 
atrophic parenchyma of “colloid” goiter, 17 per cent, ati opine paien- 
cliyma, “colloid” thyroids, adenomatoses, etc , 2 pei cent 

2 In 129 “cases with symptoms closely appioaclnng the picture of 
Giaves’ disease,” early fetal adenomas constituted 12 pei cent, degen- 
erating fetal adenomas, 33 per cent, adult “colloid” adenomas, 3 pci 
cent, secondaiy regeneration of atrophic parenchyma of “colloid” goitei, 
50 pel cent, atrophic paienchyma, “colloid” thyioids adenomatoses, etc , 
2 per cent 

3 In ninety cases with mild or doubtful toxic symptoms of exoph- 
thalmic goiter, early fetal adenomas lepiesented 10 pei cent, degeneiat- 
ing fetal adenomas, 18 pei cent, adult “colloid” adenomas, 19 per cent, 
secondary legeneiation of atiophic paiench>ma of “colloid” goiter, 9 
per cent, atrophic parenchyma, “colloid” th^ioids, “adenomatoses,” etc , 
44 per cent 

An association of from 42 to 44 pei cent of adenomas nitli toxic 
nonexophthalmic goitei is sufficiently mteiestirg and instiuctive to im ite 
investigation into its significance But of what pi oof is this association 
per se that the adenomas stand in any etiologic i elationship to the dei el- 
opment of thyrotoxic symptoms^ Did not Wilson’s fnither studies 
record the fact that in a senes of 2,3% thjnoids fiom patients on the 
“simple goiter” list 45 per cent— the same piopoition as in the toxic 
group — were composed principally of encapsulated adenomas, while the 
17 per cent of patients on this list who piesented toxic symptoms la 
thyroids showing histologically “secondaiy regeneiations and no a e 
nomas? Weie there any specific micioscopic changes m the adenomas 


43 W*on. L B A Study of the ^ ”„TtK 

Toxic Nonexophthalmic Goiter, Am J M Sc 14 , - r 7 \ 

Pathology and the Clinical Symptoms of Simple and xop la mic 

M A 62 111 (Jan 10) 1914 
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of the dinically toxic gioitp which weie not present in the adenomas of 
the atoxic groups If, as stated by Wilson, the same micioscopic 
changes were found in both groups of cases, what weie the reasons 
that prompted Plummei to embrace the assumption of toxic adenoma 
oi hyperfunctioning thyroid adenoma? 

Apparently the chief, if not the only, leason at this time that induced 
Plummer to embrace the hypothesis of toxic adenoma was the important 
clinical observation that in “adenoma with h 3 ’’peithyioidism” the toxic 
phenomena disappeai within a few weeks aftei the enucleation of the 
adenoma — in other woids, the same clinical obseivations which long ago 
had made Gauthier,® Buschan," Mane,® Kiaiis^® and others foimulate 
their dual theory of toxic goiter 

The stimulus derived fiom this clinical obseivation alone, the con- 
stanc} of which, according to Plummei, lemains unchanged at the Mayo 
Clinic until lecent date, would have sufficed to lender strong support to 
the clinical assumption of toxic nodulai goiter or toxic adenoma of the 
thyroid Suddenlj'’ and unexpected!}'^, laboratoiy reseaich set fiee an 
agent that was destined to exeit a powerful stimulus to conveit this 
assumption of toxic adenoma or hypei functioning thyroid adenoma into 
a firm, well grounded scientific hypothesis This leleased agent, the 
most active constituent of the th}roid gland, was the newly discovered 
chemical decomposition product — thyroxin 

In 1914, Kendall separated from the thyioid gland by means of 
alkaline alcoholic hydrolysis two gioups of iodine compound group A, 
insoluble in acids, and group B, acid soluble By fuithei hydrolysis of 
the A group, the compound containing iodine was sepaiated in pure 
crystalline form, while no definite substance was isolated fiom the B 
group Although the total iodine of the gland was found equally divided 
between the two groups;' their physiologic and pharmacologic activity 
was strikingly unequal and dissimilar 

In testing B for ph>siologic activity, it was found that no apparent effects 
are produced when B is given experimentally to a normal animal or human being, 
but that a considerable degree of activitv is manifest when B is given to patients 
suffering from cretinism, myxoedema and certain conditions of the skin 
No toxic effects have been produced by the administration of B even in large 
amounts In strong contrast to this nontoxic effect of B is the action 

of A It was found that the typical effects of admmstration of desiccated 

thyroid — rapid increase in pulse rate and vigor, increase in metabolism with loss 
in weight, and increase of nervous irritabilitj — are all produced by the A con- 
stituents through all the various stages of purity, up to and including 

the crystalline compound containing 60 per cent of lodin Although both 

46 Kendall, E C The Isolation in Crystalline Form of the Compound 
Containing Iodine, Which Occurs in the Thvroid Its Clinical Nature and Physio 
logic Activity, J A M A 64 2042 (June 19) 1915, Experimental H 3 perth} roid- 
ism, ibid 69 612 (Aug 25) 1917 
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A and B contain lodin the toxicity of A is in direct proportion to it*; 

lodin content, but B lodin given in equal amount produces no apparent effect 
The actual amount of the crystalline lodin compound nccessar\ to pro- 
duce marked effect is exceedingly small A total of 11 mg (one-sixth gram), 
given in divided doses during a period of fourteen days to a cretin weighing fort', 
pounds, increased the pulse rate from 90 to 140 A total of 30 mg (one-hall 
giain), given m divided doses over a period of eighteen days to a woman weighing 
112 pounds, increased the pulse rate from 75 to 130 

Furthei obseivations by Plummer showed that m a nuinial poison 
“2 mg of thyioxm a day may hold the basal metabolism 20 ni lo pc 
cent above noimal, 3 mg a day may hold the basal metabolism sQ pr i 
cent above normal ” 

These chemical and physiologic discoveiies led I’linmnc to loima- 
late the following deductions 

1 Hyperthyroidism is the physiologic state of an indniduil uilurwi-t n<>rnn! 
when the thyroxin m the tissues is sufficient to hold the basd nutihoiism aboic 
normal 

2 Hypothyroidism is the opposite of hyperthyroidism 

3 All the phenomena of pure hyperthyroidism arc those lint must .uttnd t 
sustained elevation of the basal metabolism 

4 The status of hyperfunctioning adenomatous goiter is tlu result of a pure 

hyperthyroidism The assumption that the status ot .uknomitous goiter 

is attributable simply to an excess of the normal thyroid produet (pure Inpet- 
thyroidism) rests largely on a correlation of at least appioximateli aeciin.c 
observations 

They are 

The physiologic status of a thyroidless individual returns to norma! when the 
basal metabolism is brought to normal by the administration of thyroxin 

The phenomena induced by the administration of th\ro\in and the phenomena 
associated wnth adenomatous goiter are identical and are those that must attend a 
sustained elevation of the basal metabolism 

These phenomena disappear with the dropping of the basal metabolism to 
normal within three weeks after the enucleation of the adenoma 

The status of exophthalmic goiter, w'hilc in the mam In pertln roid, cannot be 
attributed wholly to an excess of the normal thyroid product The characteristics 
of exophthalmic goiter may be due to an incomplete tlnroxm molecule 

If, in addition to these difteiential featines, is added Plummers 
furthei statement that iodine is eithei ineftectual oi harmful m the 
management of toxic adenoma and is of maiked lempoian benefit m the 
tieatment for exophthalmic goitei then all the basic reasons on which 
the concept of toxic adenoma of the thvroid was built up have been 
enumeiated 

47 Plummer, H S The Tlnroid Gland St Louis, C V Mosb\ Comp-i.r 
1926 
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How was this concept of toxic adenoma of the thyioid received in 
the scientific medical world? 

The answer to this question can best be found fiom a consideiation 
of the response of the pathologists, the suigeons, the internists, roent- 
gen therapists and the radium therapists 

The Response of the Pathologists — With the single exception of 
the pathologists of the Mayo Clinic, whei e this hypothesis originated, 
few pathologists of note on the Ameiican continent embiaced this 
chmcal-pathologic concept of toxic adenoma In the latest editions of 
such standard textbooks on pathology as those of MacCallum and 
Delafield, Prudden and Wood not a single word is mentioned about 
toxic adenoma “I have observed Graves’ symptoms with a fetal adenoma 
of the thyroid duiing a peiiod in which the thyroid tumor was invaded 
by mammary carcinoma,” is all Ewing had to say about toxic adenoma 
of the thyroid Karsner,®^ who demoted a few paragiaphs to this 
problem, stated that the proofs submitted thus far aie inadequate to 
establish the authenticity of toxic adenoma as a chmcal-pathologic 
entity Stengel and Fox weie noncommittal on the subject They 
shifted both the concept and the burden of pi oof on the shoulders of the 
clinician In discussing the pathologic anatomy of the thyioid gland 
in exophthalmic goiter and toxic adenoma, they declared 

Adenomatoid goiter of papillomatous t 3 "pe is usually believed 

by clinicians to be present in exophthalmic goiter These forms are gen- 

eral, but in certain instances the hyperplasia tends to remain in isolated areas or 
nodules Such cases may give toxic symptoms and are designated “toxic 

adenomata” bj clinicians Such areas are usually multiple 

In contiast to the negative oi noncommittal attitude of the great 
majoiity of American pathologists is the ready acceptance of this 
hypothesis by a numbei of their eminent European colleagues In a 
recent discussion of the goitei pioblem, Aschoff stated 

48 Wilson, L B The Pathology of Nodular (Adenomatous^) Goiters in 
Patients With and Those Without S 3 mptoms of H 3 ’'perthyroidism, Am J M Sc 
165 738, 1923 

49 MacCallum, W G Text Book of Pathology, Philadelphia, W B Saunders 
Company, 1925 

50 Delafield, F, and Prudden, T M Text-book of Pathology, revised by 
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51 Ewing, J Neoplastic Diseases, Philadelphia, W B Saunders Compan 3 , 
1922, p 898 

52 Karnser, H T Human Pathologv, Philadelphia, J B Lippincott Compan 3 ', 
1926, p 843 

53 Stengel, A, and Fox, H A Text-Book of PathoIog 3 ^ Philadelphia, 
W B Saunders Compan 3 , 1927 
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J B Lippincott Company, 1924 Wegelm, C, m Hende, E, and Lubarsch, O 
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We were able to show that the nodular form was not a kind of Inpcrplasia 
but a definite tumor formation, namely adenomata I 

lay great stress upon the distinction between simple hyperplasia and tumor forma- 
tion With a real tumor formation there may be hjperfunction, or d\s- 

function, or hypofunction With you [Americans] onlj the Basedow gland 

and the toxic adenoma, which correspond with our nodular proliferating and paren- 
chymatous colloid goiters, are concerned m 113 perth> roidism We deliberate!} also 
include the diffuse colloid goiter, but only the pi olif crating form of it 

Rminmg 111 a similar vein aie the views of Carl Wegelin, the suc- 
cessor of Langhans at the university of Bern, the most famous city in 
Switzeiland for the study of goiter pathology duiing the past two 
bundled years 

The Response of the Sni geons — Ntimeious, although not entnel} 
unanimous, aie the membeis of the smgical specialty who einbiaccd 
Plummer's hypothesis of the dual nature of thyrotoxicosis While 
the ovei whelming majoiity of surgeons thioughout the voild 
unequivocally subsciibed to Plummei’s views on toxic adenoma as a 
clinical entity distinct from exophthalmic goiter, a nuinbei of pioinincnt 
surgeons who perfoim opeiations on the thyioid aie definiteh opposed 
to this dual concept 

Crotti stated 


So far as exophthalmos is concerned, any one, I am sure, has obsencd seiere 
cases of primary thyrotoxic goiter or the “exophthalmic goiter” of Plummer 
without any ocular symptoms whatever On the other hand, 111 secondar\ 

thyrotoxic goiter, or “adenoma with hyperthyroidism” of Plummer, more than 
once the ocular s 3 'mptoms have been very marked, exophthalmos included 
So far as the other symptoms are concerned although again usualh not 

so intense or so frequent as in the primary form of th^ rotoxicosis the' 

are so frequentl}’’ enough present to preclude a fundamental clinical distinction 
The surgical results obtained speak also against anv fundamental clinical 
difference of these tivo conditions 
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Hertzlei declared 

It IS a mistake to do a mere enucleation in toxic adenoma the whole 

gland of toxic adenoma is diseased The histology indicates that it is injured 
beyond repair According to present methods we remove a part of the diseased 
tissue This IS unsurgical The demands of ideal surgerj’’ dictate that the whole 
of the diseased tissue shall be removed The question is, are we able at this time 
to meet the ideals in the surgical treatment? The result is myxoedema This 
mj'xoedema can be controlled by the use of thyroid extract There are no more 
comfortable persons than these nivxoedemics who take their gram a daj 

Whethei any one will accept Hertzler’s impressions as a coriect 
characterization of “these myxoedemics” oi doubt the value of the price 
paid, his failure to lelieve the symptoms in toxic adenoma by mere 
enucleation is sufficiently illuminating to deserve emphasis 

Speaking fiom a vast experience, second only to that of the Mayo 
Clinic, the astute clinician and brilliant suigeon of the famous Cleve- 
land Clinic declared “Clinical evidence of the functional activity of 
adenomata is found in the frequent development of symptoms identical 
with those which aie characteristic of exophthalmic goiter and in the 
disappearance of those symptoms after the lemoval of the adenoma” 
Having made this admission of the existence of a clinical gioup of cases 
of toxic goiter to which the teim toxic adenoma is applicable, Cnle 
does not fail to make it clear that he does not perceive a fundamental 
distinction between toxic adenoma and exophthalmic goiter The 
former he considers only a phase or a stage in the development of the 
latter Hence, he continued, “it would seem as if adenoma caused 
every grade of toxemia, progiessing from myocarditis, increased blood 
presure, nervousness, and increased basal metabolism to true exophthal- 
mic goiter ” In discussing operative technic, he disclosed the fact that 
the surgical problem in toxic adenoma of the thyroid is not always that 
of a simple and safe enucleation “In extremely grave cases it 

may be necessaiy to dimmish the thyroid activity by multiple steps, 
ligation of one vessel , ligation of the second vessel , partial lobectomy , 
complete lobectomy, when necessary allowing intervals of a month oi 
more between any two of these stages ” 

One of the most lecent and formidable combatants against the dual 
theory of thyrotoxicosis and against toxic adenoma, either as a clinical 
or as a pathologic entity, is Rienhoff of Johns Hopkins Hospital From 
a study of 1,019 cases of toxic goiter at that institution during the past 

57 Hertzler, A E The Development and Nature of the So-Called Toxic 
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quaitei of a centiuy, Rieiihoff came to the conclusion that pathological!}, 
thyioid hypeitiophy and hypeiplasia is the undei lying cause of the d/s- 
tui bailee in both cases of exophthalmic goitei and cases of nodulai 
goiter with hypei thyi oidism (toxic adenoma) Neithei m then clinical 
couise, 1 espouse to iodine, or suigical results, did toxic adenoma at Tohns 
Hopkins diffei from classic exophthalmic goitei except as the caiialion 
of a single disease, which in different peisons may urn difleicnt gi.idcs 
of seventy Rienhoff’s objections to the duahstic theon of toxic troitei 
aie deepei and moie fundamental than those of the othei disscntmo- sui- 
geons He maintains — and is sustained by one of the oldest students 
of the pathology of exophthalmic goitei in America, Dean Lewis*'" — 
that the pathologic histology in toxic adenoma does not diftei in its 
essential characteiistics from that of exophthalmic goitei The onh 
diffeience is that of extent and of degiee of nivohement of the gland 
Wheieas in the typical seveie cases of exophthalmic goitei at the height 
of the clinically toxic stage of the disease, inicioscopic studies usnalh 
leveal diffuse Itypeitrophy and Iwpeiplasia, in the mildci foims of 
exophthalmic goitei or m toxic adenoma a localized or patch} Inpei- 
tiophy and hyperplasia is found Clinically, these patcln aieas of Inper- 
tiophy and hypeiplasia aie felt as nodules m the th}ioid, and au 
most fiequently the cause of toxic nodular goitei It is these localized 
patches of hypeitiophy and hypeiplasia, fiequently suiiounded In aicas 
of fibiosis, wdiich have been eiioneously inteipieted by pathologist"? a"? 
true neoplastic foimations, namely, adenomas Fine neoplasms, true 
adenomas, Rienhoff contended, do occni but ha\e been found m onh 
8 per cent of the cases of nodulai goitei with In peitliMOidi"?!!! at the 
Johns Hopkins Hospital 

Moreover, with his studies and obsenations a"? a hasn, Rienhofi 
expiessed the belief that in toxic nodulai goitei a state of diftusc Inpei- 
tiophy and hypeiplasia piecedes the development of the nodiihr aieas 
These localized nodular enlaigements oeciii w'hen due to eitiK' iodine 
medication oi spontaneous legiession, disci ete aieas of the afiected 
gland fail to involute or undei go hyperiin olution When an cxaceiba- 
tion of the disease occuis, the inoibid piocess ma\ manifest itself eithci 
in the localized aieas oi in the nodules, leaMiig the siii rounding paren- 
chyma unaffected, oi, which is moie fiequently the case the nodular 
masses become the seat of pathologic actnity while the intencnmgti‘?sue"' 
lemain noimal In eithei case one is not dealing with a single toxic 
nodular aiea oi toxic adenoma but most fiequenth with multiple toxic 
adenomas oi diffuse hypeiplasia of the entire gland Hence as far as 
the suigical theiapeutic indications are concerned Rienhoft came to 

60 Rienhoff, W T , Jr , and Lewis, D D Relation of ILpe^rtlwrouhsm to 
Benign Tumors of the TIl^rold Gland, Arch Surg 16 79 ( an _.s 
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the same conclusion as Crotti, Hertzlei and Cnle that the best results 
are obtained by a subtotal th 3 '’roidectomy and not by a mere enucleation 

Are these obseivations that toxic adenoma usually spells toxic 
adenomas meiely confined to the experience of the pieviotisly mentioned 
suigeons? Are only Goetsch,®^ Lahey,*’- Else/^ Teiiy and others the 
only ones who find that in toxic adenoma as in exophthalmic goiter 
successful surgical inteivention necessitates subtotal thyi oidectomy ^ 
Does the expeiience of the suigeons at the Mayo Clinic who peifoim 
opeiations on the th)woid completely coiroboiate Plummer’s contention 
that a meie enucleation of the adenoma cures the patient of his toxic 
symptoms in three weeks ^ Let one consult Judd from the Mayo 
Clinic, whose suigical late-iesults in toxic adenoma are open for 
inspection 

In a series of 100 cases of toxic adenoma of the thyroid in which 
operation had been performed Judd reported the piesence of the adeno- 
mas as follows light and left lobes involved, foity-nine cases, right 
lobe, isthmus and left lobe, fourteen cases , right lobe and isthmus, foiii 
cases In onty 33 per cent of the cases was the adenomatous process on 
gross clinical examination limited to the isthmus or one lobe Did Judd 
obtain the best results with a meie enucleation^ Does he recommend 
enucleation as the method of choice in opeiating for toxic adenoma^ 
Apparently not, for he stated that “in most cases the best operative 
lesults are obtained by subtotal thyroidectomy, which is accomplished 
by removing all except the posteiior part of each lobe The immediate 
benefit derived from the opeiation is gieatei than if lobectomy is done ” 
Did all the patients with toxic adenoma of the thyroid who were opei- 
ated on by such an eminently expel lenced suigeon like Judd recovei in 
three weeks, as claimed by Plummei repeatedly in his vaiious publica- 
tions^ Decidedly not A careful review of the lesults at the end of 
two years postopeiatively shows that nine patients died fiom all causes, 
two were not benefited, six showed the presence of tremor, eleven, 
change of voice, seventeen, loss of strength, twenty-thiee, tachycardia, 
twenty-eight, dyspnea, twenty-nine, palpitation, and forty-five, 
nervousness 
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If the obseivations of these eminent singeons me coircct, nhat 
lemains then of the dual stiuctuie elected b} Plummci to distinguish 
toxic adenoma fiom exophthalmic goiter^ Is it the ditieicnce m 
1 espouse to iodine^ But have not Kiaiisd® Gialiam,"® Rienhofl and 
others shown that this diffeience in i espouse does not always hold triie^ 
Has It not been shown that eveiy foim of hypei plastic goitei, whcthei 
diffuse as m exophthalmic goitei oi patchy and disci etc as m toxic 
adenoma, will for a time lespond to medication with iodine and be fol- 
lowed by marked improvement in clinical symptoms'^ Is it only the 
inability to pioduce exophthalmos experimentally by administration of 
thyroxin which finally distinguishes toxic adenoma fiom exophthalmit 
goitei ^ But has not even this final objection been oveicoine by numci- 
ous observations in the past and by the lecent expei imental lesults of 
Kunde,®® who by means of thyroxin did succeed in pioducing the com- 
plete clinical pictuie of exophthalmic goitei, including exophthalmos^ 

If, as a whole, Plummei’s hypothesis of toxic adenoma as funda- 
mentalty difieient fiom exophthalmic goitei is untenable, what clinical 
lessons of importance can be learned fiom a close study of the immense 
number of contiibutions on this most impoitant pioblem^ Bnefl} 
summanzed, these lessons aie 

1 Toxic adenoma and exophthalmic goitci aie meiel} \anations ol 
a single disease Eponyniically, Pariy’s disease is the most appiopnnte 
designation, foi Paiiy is the fiist obsenei who desciibed all vaiieties 
of toxic goiter 

2 Clinically, a nodulai goitei without exophthalmos may be as toxic 
or even more toxic than one with ocular manifestations Ihe prognosis 
in a seveie case of toxic adenoma with myocaidial insufficiency is much 
giaver than in a moderately seveie case of exophthalmic goitci c\ilh 
maikedly bulging eyes, but with the myocardium faiily intact 

3 Although toxic adenoma may inn as seveie a course as exojih- 
thalmic goiter, its couise is usually inildei, and the suigical lesults arc 
usually more satisfactoiy than in classic exophthalmic goitei 

4 The more favoiable lesuIts in toxic adenoma are not due to 
any fundamental diffeience in nature fiom exophthalmic goitei but to a 
vaiiation of a single disease In exophthalmic goitei. the entne glaml 
is diffusely involved in the pathologic pi ocess , hence, the sc mptoms are 
usually moie marked and suigical lesection is less sati'jfactor} n 
toxic adenoma, the thyroid gland shows one or seveial aieas of mcohe 
ment with mtei veiling healthy tissue between the affected aieas, hcncc 
the symptoms aie usually mildei and suigical lesection moie atis ac 
tory However, it is onl} in about one thud of the cases ot toxic 

66 Kunde, M M Studies on Metabolism Experimental He nertln roidi^m 
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adenoma at the Mayo Clinic that the lesion has been found single 
In the majority of cases, the adenomas aie scatteied thioughout the 
gland Moreover, in a number of instances, the adenomas are in state 
of regiession, while the inteivening paienchyma may be the seat of the 
disease Hence the piactical deduction of almost all sttigeons who per- 
form opeiations on the thyroid glands has been that subtotal thy- 
roidectomy as the method of choice is the treatment not only for 
exophthalmic goiter but also foi toxic adenoma 

The Response of the Intel ntsts — -In contrast to the relatively 
laige number of eminent surgeons whose vast personal expeiience with 
toxic adenoma had made them assail as untenable Plummei ’s theoretical 
and practical deductions about the dual nature of toxic goiter, is the 
small number of prominent internists who have joined the lanks of the 
dissenters Plummei ’s dictum that toxic adenoma — adenoma with 
hypei thyi oidism — is to be distinguished shaiply from exophthalmic 
goiter both as a clinical and as a pathologic entity, and is to be consideied 
essentially a suigical disease, found its staunchest adheients not only 
among the suigeons but also m the ranks of the internists A leview of 
medical publications, textbooks and systems of medicine shows almost 
a unanimous and unqualified acceptance of Plummei ’s teachings Even 
internists who are in favor of submitting patients with severe cases of 
classic exophthalmic goiter to a course of medical treatment before 
lef erring them for opeiation are in favoi of surgical intervention in 
toxic adenoma as soon as a positive diagnosis is made Such an ardent 
advocate of the nonsurgical tieatment for exophthalmic goitei as Bram,®’' 
who declared that he does not accept as rational any operative procedures 
on the thyroid in exophthalmic goiter except as an emergency measure 
when marked pressure phenomena threaten the life or comfort of the 
patient, is prompt to emphasize that toxic adenoma is from the start 
essentially a surgical disease 

What is the explanation for this apparently anomalous attitude of 
almost all internists toward toxic adenoma ^ 

The explanations are many, but the chief reasons aie thieefold 

Clinical The observation is that local attack on the thyroid by 
surgical measures does yield strikingly better results in toxic adenoma 
than by any medical measures undertaken either for this thyrotoxic con- 
dition or for typical exophthalmic goiter 

Pathologic The prevailing view among the medical profession is 
that everj^ tumor growth is essentially a surgical disease Toxic adenoma 
having been recognized as a true tumor growth, except by a few dissen- 

67 Bram, I Goiter, Nonsurgical Types and Treatment, New York, The 
Macmillan Compan}'’, 1924, pp 218 and 269 



GINSBURG— TOXIC ADENOMA OF 1 11} ROID 95 

lers, logically must, as soon as the diagnosis is made, be leferrcd b\ 
every conscientious internist to the surgeon foi immediate icmoval of 
the tumor, which is the cause of the toxic symptoms 

Radiotherapeutic Theie pievails an inadequate familiariU with 
the achievements of roentgen therapy and ladium in tlie tieatment of 
neoplastic conditions in geneial, and thyioid neoplastic conditions m 
particular 

The Response of the Roentgen Thejupnfs — In 1902, wlien the 
technic of roentgen theiapy was in its earliest infanc>, Williams'^'’ of 
Boston was the first to leport “I am using the x-ia>s for ti eating 
Parry’s or Graves’ disease, and thus fai with encouiaging icsults The 
glands have diminished in size, and the general condition of tlie jiaticnts 
has improved ” 

Mary D, 26 years of age Right lobe of th3roid gland 2\4 cm, left lobe 
5x8 cm After five exposures of twenty minutes each, given at intervals of about 
four days, the right lobe was Ij4x2 cm, the left lobe 3*4x4 cm , and her generd 
condition was much improved 

Two years later in 1904, Chailes IT Ma 3 *o lepoited a senes of 
severe cases of exophthalmic goiter m patients who weie poor surgical 
iisks, but who had improved greatl}*- after roentgen treatment The 
patients were subsequently operated on succesfully, without the high 
mortality rate which obtained in the early yeais of such operations 
The roentgen technic carried out by Mayo was as follow's “The 
x-ray is applied over the gland for as many times as is sufficient to 
discolor or even burn the skin This treatment is gnen until the gen- 
eral condition is improved and the operation is consideied safe ” Suieh 
no experienced radiotherapist m recent yeais ever recommended such 
strenuous skin treatment in cases of exophthalmic goiter as Mayo did 
then It IS strange, therefore, that one fails to find any mention of 
those perith^roid adhesions which are often advanced by surgeons a'; 
one of the chief objections against resorting first to roentgen treatment 
in cases of exophthalmic goiter before subjecting the patient to the risks 
of an operation 

Seveial months later, in 1905, another noted Ameiican surgeon, 
Carl Beck of New Yoik, reported the \alue of roentgen therapy not 

68 Williams, F H The Roentgen Ra3S in Afcdicme and Stirgcrv Xc.’ 
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only as a pieopeiative measuie ui cases of exophthalmic goitei in 
patients who weie pool stiigical risks, but also as a postopeiative 
measure m patients on whom thyi oidectomy had been perfoimed and 
who failed to be benefited by the opeiation So iinpi eased was he with 
the favorable lesults of loentgen treatment in postoperative cases that 
he subjected a numbei of patients pi eopei atively to this tieatment and 
kept delaying the use of the skilled surgeon’s scalpel until it was found 
no longer necessaiy, the patients having recovered under the loentgen 
tieatment In subsequent studies, in 1908 and 1909, he reported Ins 
results and then foimulated his indications for loentgen theiapy in 
tieatment of patients with exophthalmic goiter 

1 In cases with model ate enlaigement of the thyioid gland, n radia- 
tion only IS advocated, without an operation Thirty-six cases, oi 72 
pel cent of his series of fifty patients, iveie thus successfully treated 

2 In cases in which marked enlaigement of the thyioid gland occurs, 
paitial excision followed by roentgen treatment is the method of choice 

3 In cases in which the patients have severe s)'mptoms and are 
pool surgical iisks, preopeiative iriidiation is to be used until the 
patient improves sufficiently to enduie the i isles of an opeiation 

The favoiable lesults of these thiee Ameiican pioneers quickly 
paved the way for the adoption of loentgen tieatment in cases of 
exophthalmic goiter throughout the entiie world And, in 1915, when 
Ludin of Basel collected fiom the Iiteiatuie 208 publications dealing 
with roentgen tieatment of exophthalmic goiter, eveiy civilized country 
on the globe was well repiesented The consensus of opinion of the 
majority of these investigators was that with piopeily applied technic 
and sufficient clinical experience as good lesults can be achieved by 
loentgen tieatment as by suigical intervention 

With improvement in suigical technic the mortality ivas gradually 
lowered in some clinics, but even at the piesent day there is a surgical 
moitahty Moreovei, not eveiy patient who recovers from the imme- 
diate dangeis of the operation is cured at once, as is believed in both 
lay and medical circles On the other hand, with improvement in roent- 
gen technic and greater clinical knowledge in the treatment of this 
disease, a number of roentgen therapists have lepoited from 75 to 100 
per cent success in the treatment of their patients Although eveiy 
loentgen therapist has not been as fortunate in his results, yet a recent 

72 Beck C Partial Th 5 TOidectoniv Combined with Roentgen-Therapv m 
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leview of the liteiatuie by Krause,'* based on hundieds of caiefulh 
examined individual reports, places the aveiage successful lesults at 8*2 
pel cent, practically the same figuies as given b} a caiefiil anal} sis of the 
surgical lesults 

I"Iaving obtained such favoiable results fiom loenlgcn theiajn in the 
tieatment of patients with exophthalmic goitei in whom the clinical 
couise of the disease is usually moie se\eie and the pathologic iinohe- 
ment of the gland more diffuse and extensive than in toxic adenoma, 
one should therefoie have expected even bettei lesults in toxic adenoma 
than 111 exophthalmic goiter Indeed, it has been the cxpenence of 
roentgen theiapists that in the mildei oi formes frustes of exophthal- 
mic goiter, among which unwittingly many cases of toxic adenoma 
must have been included, the lesults aie much moie favoiable than in the 
outspoken cases of the disease Unfortunately, a careful leview of the 
literatuie fails to leveal a single publication especially devoted to 
the results of loentgeii tieatment of toxic adenoma Only an occasional 
casual remark is found stating either that toxic adenoma lesponds moic 
favoiably than stiaightfoi ward exophthalmic goilei oi lhai in a few 
cases of toxic adenoma the lesults weie not favoiable 

Why has roentgen theiapy failed to come fonvaid wuth an authoii- 
tative, mfoimative answei m toxic adenoma as it has done m hundreds 
of publications on exophthalmic goitei ^ The answ^ei is that the loentgcn 
therapist is almost entiiely conditioned in the type of cases he is called 
on to tieat by the decision of his medical oi suigical colleagues, and 
both of these haie decided that as soon as a diagnosis of toxic adenoma 
of the thyioid is made the case becomes at once suigical 

But are the indications foi suigical intenention alwa\s gicatei in 
cases of toxic adenoma than in cases of exophthalmic goitci Vic 
the phenomena of mechanical piessnie in toxic adenonxis so fiequent 
and sev'^ere that fiom the outset of then chaiactei istically slow giowth 
and development these tumois aie unsuitable and unamenable to loentgcn 
theiapy 7 If the toxicity, as has been gi anted bv both suigeons .ind 
inteinists, is of slow^ei development and less in degiec than in exoph- 
thalmic goiter, aie the piessuie phenomena the chief contiaindicalioiis 
to loentgen therapy If so, one should fiankh foimiilatc conliaindica- 
tions along these more lational lines than meieb make an arbitrar\ 
statement Toxic adenoma is essentially a surgical di‘:easc I shall 
then considei the efficienc} of roentgen thelap^ to cojie with the cnin- 
piession phenomena of toxic adenoma and decide b} actual stud\ oi a 
senes of such cases whether these contraindications aie \alid oi not 
I do know however from a studv of the liteiatnre and in\ own ob=cr- 

74 Krause P Die Rontqentherapic der Ba<=edo\\ <=chcn Knnkhcit Stnhlcii- 
therapie 27 393, 1927-1928 
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vations that in toxic adenoma as in exophthalmic goiter it is most fre- 
quently, if not invariably, the toxic and not the compression phenomena 
that decide the issue of the case Moreovei, I do know that in cases of 
malignant tumors of the thyroid gland where invasive giowth and com- 
pression phenomena are a much greater menace than in toxic adenoma 
of the thyioid, roentgen and radium therapy have yielded striking 
lesults “Indeed,” as stated in a recent publication, “the lesults of 
ladiotheiapy in primary malignant tumors of the thyroid seemed so 
encoui aging that a number of observers (Perthes,'® Schadel,^^ 
Holfelder,’^® Holzknecht and others stressed the superiority of ladio- 
therapy over suigical intervention in treatment of fully de\ eloped 
thyroid cancer Hence, I feel confident that with proper technic loent- 
gen therapy should have yielded favorable lesults in toxic adenoma of 
the thyroid I shall, however, not indulge in any furthei theoretical 
discussions what might have been accomplished by judicious roentgen 
therapy, but will proceed to piesent what has been accomplished by 
ladium m the tieatment of toxic adenoma of the thyroid 

The Response of the Radium Therapists — In a recent study,®® the 
literature was reviewed and a senes of cases reported which “incon- 
testably piove the value of radium m the treatment of Giaves’ disease 
Clinical cure of a lasting kind has been obtained not only by implanting 
radium interstitially into the thyioid gland but equally as well by 
external applications of piopeily screened radium ” Can similar results 
be achieved by radium therapy m toxic adenoma of the thyroid^ The 
answer to tlus question foims the text of the subsequent part of this 
study 

RADIUM THERAPY 

Encouraged by the brilliant therapeutic result achieved by the Ameri- 
can surgeon, Abbe,®^ with the interstitial use of radium in a severe case 
of exophthalmic goiter in which a prominent surgeon had refused opera- 

75 Gmsburg, S Bone Metastasis m Thyroid Tumors Early Diagnosis and 
Radiotherapy, Am J Roentgenol 18 203, 1927 

76 Perthes, J Zur Biologic und Klinik der Rontgentherapie der chirurgischen 
Krebse, Strahlentherapie 15 695, 1923 

77 Schadel, W Ueber Struma maligna, Munchen med Wchnschr 69 1282, 
1922 

78 Holfelder, H Die Erfahrungen mit der Rontgentherapie der Mahgnen 
Tumoren an der Schmiedenschen Khnik, Strahlentherapie 15 715, 1923 

79 Holzknecht, G Schilddrusen Karzmom und Rontgenbestrablung, Wien 
klin Wchnschr 38 419, 1924 

80 Gmsburg, S Radium Treatment of Exophthalmic Goiter, to be published 

81 Abbe, R Exophthalmic Goiter Reduced by Radium, Arch Roentg Rav 
9 214, 1904-1905 



9<i 


GINSBURG— TOXIC ADENOMA OF JinROID 

tion, ^Vlckham and Degrais,®" in 1906, proceeded to use ladium in tlic 
treatment of a patient with toxic adenoma of the th}ioid Instead of 
following Abbe’s technic, they used a method which ma} be appropi late 
m the treatment of supeificial skin lesions, but which was b\ no means 
calculated to affect a bulky toxic adenoma of the thyioid Ne\ertheless, 
the result was much better than could have been anticipated Not onh 
did they obtain a reduction m the toxic manifestations of the disease but 
also a shimkage of the adenoma 

With impiovement in radium technic, it was readily demonstiated 
that highly favoiable lesults can be achieved b) the use of ladium in 
cases of toxic adenoma just as well as in cases of classic exophthalmic 
goiter What efficient radium theiapy has achieved in the tieatment 
of patients with exophthalmic goiter has been leviewed in a recent 
study A caieful perusal of the hteiature fails to show a single pub- 
lication devoted especially to ladium tieatment of toxic adenoma 
However, in the leports of Allans,®® Loucks,®'^ Bower and Claike®® and 
Larkin,®® many cases of toxic adenoma of the thyioid are mentioned in 
which treatment with ladium was successful Not onl} were the toxic 
symptoms relieved but the compiession phenomena ueie also entiielv 
removed 

Nevertheless, while ladium treatment has been successful in main 
cases of toxic adenoma of the thyioid, the total number reported to 
date IS still comparatively small Hence, it will be of sufficient inleiest 
to submit a detailed repoit of the following eight cases fiom the ladium 
clinic of the Beth Isiael Hospital, duiing the yeais of from 1924 to 1927 

Case 1 — A woman, aged 44, married, was admitted to the radium clinic of Beth 
Israel Hospital on Feb 3, 1925, complaining of weakness, irritabihh , progressne 
loss in w^eight, sleeplessness, enlargement in the right cervical region, hoarseness 
and cough of three years’ duration The previous historj was unimportant The 
present illness had its onset in 1921 with progressive weakness, anorexia and con- 
stipation During the year previous to presentation at the clinic irritahilitv pio- 
gressive loss in weight, sleeplessness and enlargement in the right cervical region 
had occurred, lately slight hoarseness and cough had developed 

82 Wickham, L, and Degrais, P Radiiimtherapie, J B Baillierc et fils 
Pans, 1909 

83 Aikins, W H B Radium in Toxic Goiter, A.m T Roentgenol 7 404, 
1920 

84 Loucks, R E Radium Treatment ot Toxic Goiter with Metabolic Dcmic- 
tions. Am J Roentgenol 10 767, 1923, Radium Treatment of Tin rotoMcosis 
Radiologv 4 473, 1925, Clinical Evidence of Thvrotoxic Control after Radium 
Therapy, Am J Roentgenol 18 509, 1927 

85 Bovver, J O , and Clarke, J H Action of Radium on Diseased Tin ro’ds 
in Man, Am J Roentgenol 10 632, 1923 

86 Larkin, A J Radium in Twentv Cases ol Hv pertln romism Illinois M 
J 49 468, 1926 
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Physical examination revealed in the right lobe of the thyroid gland just above 
the sternoclavicular junction an oval mass, 4 by 4 by 3 cm in diameter, firm m 
consistency, moving with deglutition The rest of the thyroid gland was apparently 
not enlarged Bruit and thrill were absent The heart and lungs were normal 
The basal metabolic rate was plus 8 

The diagnosis was toxic adenoma of the thjroid 

Radium treatment was instituted Between Sept 14 and 27, 1925, the patient 
received 3,000 mg hours of radium with the block (fig 1) at 3 cm distance over 
the tumor mass and another dosage of 3,000 mg hours over the upper sternal 
region 

The result was the shrinkage of the adenoma to 3 by 3 by 2 cm in size and 
subsidence of constitutional symptoms At the last examination on May 5, 1927, 
the adenoma was shown to be stationary in size and the patient free from any 
toxic s\mptoms 



Fig 1 — ^Radium block The radium block is made of balsa wood Its dimen- 
sions are 7 by 5 by 3 cm It is covered by adhesive plaster Several layers of 
gauze are interposed between it and the skin to serve as a cushion and to absorb 
perspiration The distribution of the radium capsules is shown Each brass cap- 
sule, 1 mm thick, contains from 10 to 25 mg of radium in the form of standard 
steel needles, according to indications The block is strapped in place by means 
of adhesive plaster and reinforced with a bandage, 3,000 mg hours constitute an 
erj’thema dose 

Comment — Fn'e impoitant lessons taught by this comparatively 
simple case are 

1 Faiily marked, progressive, toxic constitutional symptoms may be 
piesent for a peiiod of four yeais with a comparatively small toxic 
adenoma measuring 4 by 4 by 3 cm This emphasizes again the impor- 
tant clinical observation that the degree of the enlargement of the 
thvioid in toxic goiter does not run paiallel with the toxic manifesta- 
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tions A bulky adenoma of ten, t\\em\ oi e\en foit\ \e<u^ ^taiuliny 
ma} exist without constitutional s}mptoms On tlie othci liand a vni.ill 

01 even clinically impalpable toxic adenoma ma\ irnc u^c to f.nrh 
maiked toxic constitutional symptoms 

2 Faiily maiked toxic constitutional s\mptoms m,n be present foi 
>eais with a compaiatively low basal mct.ibolic rate Althou£,di the 
basal metabolic late is one of the most leliabli nds m i,M"in£^ the deejiee 
of se^ellty in cases of toxic goitei, e\ei\ experienced \\oikei in theioid 
pathology knows that the seveie cases ma\ be at times aceomii.inied b\ a 
low basal metabolism In this machine-made age when mechanical aKK 
in diagnosis aie fiequentl}^ given the precedence o\ci expcit cluneal 
obseivation and keen ceiebiation, the low basal metabolism assoei.ited 
with faiily marked toxic clinical symptoms in this case is a new icminclei 
to con elate caiefully all clinical and laboraton data and to be guided 
piimarily by caieful clinical diagnostic ciiteiia 

3 The piompt lesponse of toxic adenoma to a single enthema dose 
of ladium tieatment in this case may be noted The jiiompt impio\e- 
inent which was sti iking m this case was not only exeeedingl} gialif)ing 
to the patient, but also taught the ladium theiapist the impoitant lesson 
that in ladium one has a bloodless, safe, efficient ph} sical agent that can 
vie successfully with the suigeon’s scalpel in its attack on toxic adenoma 
of the thyioid 

4 The peisistence of the clinical cuie nineteen months aflei a single 
ladium tieatment is anothei impoitant consideiation A cure induced 
even by a single close of laclium may be lasting 

5 The shiinkage of the adenoma fiom 4 by 4 b} 3 cm to 3 b\ 3 b\ 

2 cm sufficed to cause the disappearance of all toxic constitutional 
symptoms Evidentl} complete disappeaiance of a toxic adenoma is 
not necessaiy to induce clinical cuie in toxic goitei A small inodei.ilc- 
sized, 01 even a bulky adenoma may be piesent without ncces^aiil} 
inducing toxic sjmptoms 

Case 2 — Histoiy — Jacob B, ag^ed 75, a porter, first came under ob-^er\ition 
at tbe radium dime of Beth Israel Hospital on Feb 5, 1925 His chief enmiihint- 
were irregular enlargement of the neck, ncrcousncss, eeeakness, loss m veidil 
dvspnca and palpitation on exertion, all of fi\e e ears’ duration 

In the summer of 1920 the patient noticed a painless lump, the sire of a valnut, 
in the right lower cervical region A few c\ceks later a similar lump vas lelt in 
the left lower cervical region Slowh but progressueh the lumps contmucfl to 
increase m size and were followed b\ the development ol dvsphagia choking 
sensation m the throat, nervousness headache weakness palpitation tacincardia 
and djspnea on exertion, marked tremor of the hands and a loss oi 50 pound- 
(13 6 ICg) in weight In Juh, 1924, a basal metabolic determination shoved 
plus 25 per cent During the latter part of the same a ear he v as gueii several 
applications of small doses of radium to the tlnroid with apparent temporarv 
improv ement 
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Physical Examination — Examination presented a well developed old man, look- 
ing much younger than the stated age In his entire bearing there was marked 
nervousness and tremulousness His face was suffused with a dusky flush He 
was undernourished but not cachetic Ocular signs of exophthalmic goiter were 
absent The thyroid gland showed a large tumor mass in each lateral lobe (fig 
2 A) The left tumor mass was smooth, oval, elastic, nontender and movable 
Its dimensions were 6 by 5 by 3 cm The mass in the right lobe of the thyroid 
was much harder but was not nodular nor irregular It was freely movable, not 
tender on palpation and measured 9 by 7 by 5 cm The circumference of the neck 
through the seventh cervical vertebra and the center of the tumor masses was 41 
cm Bruit and thrill were absent The heart was slightly enlarged The sounds 
were distant but regular The second aortic sound was accentuated, but murmurs 
and irregularities were not detected The blood pressure was 170 systolic and 65 
diastolic The upper extremities showed a marked coarse tremor 



Fig 2 (case 2) — A, toxic adenoma of the thjroid m a man, aged 75 Moder- 
ately severe toxic symptoms endured for five years The basal metabolism was 
plus 25 The circumference of the neck was 40 cm (July, 1924; before radium 
treatment) B, four months after radium treatment There was relief of thyro- 
toxic symptoms, including disappearance of auricular fibrillation Basal metabolism 
was normal The circumference of the neck was reduced from 40 to 35 cm , with 
a simultaneous gam in weight (January, 1926) 

Laboiafoiy Data — Roentgen examination of the chest showed slight enlarge- 
ment of the cardiac shadow and a widening of the aortic arch Electrocardio- 
graphic tracings were normal The blood and urine were normal The basal 
metabolism was plus 12 per cent The diagnosis was toxic adenoma of the thyroid 

Com sc Uiidci Obsci-vatioii Bcjoic Radium Ticafmeiif — On Feb 20, 1925, with 
out any other discoverable cause except the condition of the th>roid, the patient 
developed auricular fibrillation He was immediately ordered to rest m bed and 
was placed on moderate doses of digitalis He improved graduall} and about the 
middle of April, 1925, the heart action became regular The improvement, how- 
ever, was only temporary in duration, and the auricular fibrillation recurred with 
persistencv' of all the thv rotoxic sv^mptoms 
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Couisc bndci Radium Ticalmcnt — During tlic c irh jnrt of Mu 192^ lie 
was given a dosage of 2,000 mg hours of ladium with the block it 3 cm (l!^t'lnce 
over each adenomatous mass Witinn a lew weeks tliere v as mofleratc improee- 
merit in constitutional sjmptoms and a shrinkage oi the adenom u On func 18 
1925, auricular fibrillation was still present, but the p itient ult stroiuor and the 
circumference of the neck showed a reduction iri in 41 to iP 5 cm Dining tlic 
latter part of August, 1925, he w'as gnen 2,300 nu oi radium with the block at 
3 cm distance over the 013111115 region This tieitiunt was followed b\ further 
improvement in his general condition and a gam oi 20 pounds (9 Kg ) m weight 
Examination in Januao, 1926, found him in exeelleiit condition The auricular 
fibrillation had disappeared, and onl}-^ an occasional extra s\ stole was present I he 
circumference of the neck had shrunk from the origin d 41 to 35 cm (fig 2 B) 

Further radium treatment was not given Ihe last examination in September, 
1928, more than three years after the last radium treatment, showed the result 
unchanged 

Comment — Whethei this patient was too old 1 01 siiii^ical intcncntioii, 
I do not iindeitake to judge I feel giatefiil, ho\ve\ei, to his jilnsieian 
who foibade opeiation This gaAe an oppoitunit} to use i.idium 
theiapy and to demonstiate the fact that in opeiations on patients who 
ate poor suigical iisks it is no longer necessai} to “kt natuie t.ike its 
coutse ” The efficiency of ladium j)ut to the lest in this case pioduccd 
an excellent lesult practically amounting to a cuie The peisistence ol 
excellent lesults font jeais aftei tieatment wuth i.idium w'as fiist 
stalled sti esses the impoitant lesson to the medical piofession that the 
suigeon’s scalpel is not the only means of attack against a toxic 
adenoma of the th}ioid Radium theiapy efficiently used maj gue as 
good 01 even bettei lesult than surgical mtenention without its atten- 
dant operative moitahty, especially in the aged and feeble suftcicis or 
toxic goitei 

Case 3 — Histoiy — Rose W, aged 14, w'as referred to the radium clinic of 
Beth Israel Hospital m Januarv, 1926, b}'^ Dr B Roscnbhitli of New ^ ork. 
because of goiter, nervousness, irritabiht}", loss m weight and msomnn, al! of 
four months’ duration In October, 1925, four months before admission, tlic 
presence of a goiter w^as detected b\ the school nurse The goiter kept fluctinting 
m size, but not until three months after its discoccr\ were tliere in\ toxic s\inp- 
toms noted 

Physical E\ainination — Examination showed a well nourished and dc\cIopi.d 
girl, aged 14, w'ho w'eighed 96 pounds (43 5 Kg) Her face was fiu‘'licd Her 
e 3 'es w'ere somewdiat prominent, but exophthalmos w as not defimteh present T licre 
were no other ocular signs of exophthalmic goiter The the roid gland shoved 
a diffuse enlargement with predominant invohement of the istlimus anci right lobe 
The right lobe was firmer than the rest of tiie gland and telt distinctlc nodular 
A slight bruit was detected oeer the right lobe Tliriil was absent The circum- 
ference of the neck through the seaenth cervical vertebra and tlie midtbvruid rceion 
measured 33 5 cm The heart showed moderate enlargement Tlic pulse rate v'as 
140 per minute in the recumbent posture Murmurs and irregularities were absent 
The blood pressure was 120 svstohe and 78 diastolic The results 01 the rest of 
the examination were negative 
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Labotatoty Data — Roentgen examination of the chest showed cardiac enlarge- 
ment Electrocardiographic tracings showed simple tachycardia, left ventricular 
predominance and the T wave inverted m lead 3 The blood and urine were nor- 
mal The basal metabolic rate was plus 14 per cent 

The diagnosis made was toxic adenoma of the th>roid 

Com sc Undo Radnim Ticatmeiit — Radium treatment was started in February 
and was completed in April, 1926 The left lobe of the thyroid and the thymus 
received 2,300 mg hours of radium each with the block at 3 cm distance, while the 
right lobe of the thyroid was guen 3,000 mg hours Improvement in subjective 
sj^ptoms was noted at the end of April Within five weeks after the first frac- 
tionated dose of radium was given her weight increased from 92 (41 7 Kg ) 
to 104 5 pounds (47 2 Kg ) The circumference of the neck Avas reduced to 33 
cm The heart showed only slight acceleration Reexamination in February, 
1927, found the patient completely free from any subjective complaints She had 
gained 20 pounds (9 Kg ) m Aveight since her first admission to the radium clinic 
Her neck had shrunk from the original 33 5 to 32 5 cm There was still a slight 
bruit over the right lobe of the thyroid Restudy with special reference to the 
need of any further radium treatment Avas suggested, but the patient considered 
herself well and saw no need to folloAV the recommendation At the time of the 
last examination in August, 1928, the condition AA'as practically unchanged 

Case 4 — Histojy — Rebecca S, aged 51, Avas admitted to the radium clinic of 
Beth Israel Hospital, March 9, 1926, complaining of a lump in the neck, nervous- 
ness, irritability, undue emotionalism, tremor, sleeplessness and loss in Aveight of 
five years’ duration 

In 1921, five jears before admission, her sister called her attention to the 
presence of a lump in the neck Shortly thereafter she began to suffer from 
tremor, undue emotionalism, irritabihtj'^, loss in AA^eight and insomnia During the 
past four years she consulted several physicians Avho diagnosed toxic goiter and 
prescribed internal medication, AAUthout any definite improvement m her symptoms 
Physical Examination — Examination shoAA'ed a Avell deA'eloped and nourished 
middle-aged AAmman Aveighing 128 pounds (57 1 Kg ) She appeared nervous and 
apprehensive Her ej^es Avere brilliant and presented a slight von Graefe’s sign, 
but definite exophthalmos Avas absent The tongue Avas slightly tremulous, the 
fingers markedly so The thyroid gland shoAved an irregular enlargement of the 
isthmus and the left lobe The right lobe aa^s barely palpable The mass Avas 
partly retrosternal and much firmer than normal The skin Avas movable over it, 
but the groAvth seemed to be adherent to the deep cervical tissues The circumfer- 
ence of the neck through the seventh cervical vertebra and the midthyroid region 
measured 35 5 cm The heart Avas slightly enlarged The pulse rate Avas 120 per 
minute Murmurs and irregularities AA^ere absent Blood pressure AA^as 130 sas- 
tohc and 70 diastolic The abdomen was, moderatelv distended The liA’^er Avas 
enlarged and extended 5 cm beloAV the costal margin The spleen and kidneys 
Avere not palpable The loAver extremities did not show edema 

Laboiafoiy Data —Roentgen examination of the chest shoAA'ed a substernal 
thyroid Avith deviation of the trachea to the right Electrocardiographic tracings 
revealed a simple tachycardia The blood and urine Avere normal The basal 
metabolic rate Avas plus 14 per cent 

The diagnosis Avas toxic adenoma of the thj roid, partly retrosternal, Avith devia- 
tion and compression of the trachea (fig 3 A) 

Com sc Undci Radium Ti cat mcnt —During the Aveek of April 22 to 29, 1926, 
a dose of 3,000 mg hours of radium AVith the block at 3 cm distance Avas gnen 
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over the center of the mass The result oi thi^: treatment was moderitc imjiruvc- 
ment m constitutional svmptoms and a shrinkage in tiie si/e ot the neef iroin Ta 5 
to 33 cm On June 9, 1926, without anv increase in sulijective complaints, a 
marked tachvcardia was detected I'lectrocardiopr iphic (ximmation reve'‘](d 
auricular flutter The auricular rate was 300, the vtnlnciilir 150 giving thus i 
2 1 heart block How long this attack had lasted is iinkiiov n, for tiie case v as 



Fig 3 (case 4) — A, toxic adenoma oi the thvroid, partlv retrosternal, in i 
woman, aged 51 Moderatelv severe toxic svmptoms v ere endured lor five vears 
The circumference of the neck was 35 5 (March, 1926, beiore radium treatment) 
B thvrotoxic svmptoms were relieved after radium tiierapv The circumiereiice 
of the neck was reduced irom 35 5 to 3175 cm C lurther reduction oi the 
circumference of the neck from the original 35 5 to 30 75 cm and a exam in ■'> eiglit 
of 11 pounds (5 4 Kg) since admission to the radium clinic (Tebnnrv 1928) 


an ambulatorv clinic case and the patient was not reexamined electrncardiograph- 
icallv until June 23, 1926 Auricular flutter was no loneer present then onh r 
simple tachvcardia persisted, and the P wave m leads 2 and 3 v as hieh and no'ched 
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In the meanwhile, commencing on June 19 and ending on July 20, another course 
of radium treatments was administered over the mass and over the upper retro- 
sternal region The result of this treatment was extremely gratifying On July 
27, 1926, onh one week after the last fractionated dose of radium was given, the 
patient felt greatly improved m all her sj^mptoms She now felt strong enough 
to perform all her household duties without any undue fatigability She felt 
fairl)- well until the fall of 1927, when a mild recrudescence occurred as the result 
of emotional stresses A single course of radium treatments again controlled her 
symptoms On the last examination m Jul 3 % 1928, she was m fair health with 
marked shrinkage in size of the adenoma, and no intrathoracic compression symp- 
toms were noted The heart rate was only slightly above normal Her basal 
metabolism rate was normal The skin showed no atrophy or telangiectasis 
(fig 3B) 

Comment — The result achieted in this case by ladiiini treatment 
leveals to every unbiased student of toxic adenoma of the thyroid that 
surgical inteivention is no longer the only method of lelief in dealing 
with this seiious pioblem This was a patient who had an outspoken 
condition of toxic retiosternal adenoma, of the thyroid with intia- 
thoracic compression phenomena At one time she developed an attack 
of auiicular fluttei with a late of 300 and 2 1 heart block Yet under 
radium tieatment the thyrotoxic symptoms were conti oiled, the com- 
pression phenomena weie relieved, the adenoma was shrunken to a' 
fraction of its former size, and the patient was lestoied to a life of 
comparative usefulness and comfort without having been subjected to 
the dangeis of an operation 

Case S — Hisfoi y — Yetta K , aged 48, was referred to the radium clinic of 
Beth Israel Hospital, Dec 7, 1926, by Dr Max Weitzen of New York, com- 
plaining of sj^mptoms of one year’s duration consisting of progressive asthenia, 
palpitation, dyspnea, emotional instability, diarrhea, loss in weight, swelling of the 
neck, enlargement of the veins of the neck and of the upper part of the chest, 
cough, hoarseness and prolapsus am 

In 1917, she developed weakness and palpitation on exertion On examination, 
a “cystic” swelling about the size of a pigeon’s egg was discovered m the right 
lobe — and a similar swelling about the size of an olive in the left lobe — of the 
thjroid gland In July, 1917, the larger mass only was enucleated The patient 
improved rapidly after the operation and felt apparently well until the end of 1925 

In December, 1925, following a period of emotional stress, she developed pro- 
gressive asthenia, palpitation even at rest and marked dyspnea on exertion She 
became irritable and unduly emotional, was annojed by apparentl}" causeless 
diarrheal stools and lost weight progressively Six months later, m the summer of 
1926, she noticed swelling of her neck and enlargement of the veins of the neck 
and the upper part of the chest Her condition gradually grew worse, and she was 
finally referred to the radium clinic of Beth Israel on Dec 7, 1926 

Physical Erammation — Physical examination shoved a middle-aged woman 
depressed, worn, slightly anemic and undernourished, weighing 118 pounds 
(53 5 Kg ) Exophthalmos and other ocular signs were absent The tongue was 
tremulous In the lower right cervical region there was a transverse, supple, non- 
adherent scar The superficial veins over the lower anterior part of the neck and 
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the upper part of the cliest were dilated (fii? 4 1), nimc ni irKcd]\ on the kit linn 
on the rigiit The thjroid gland showed a diffuse, irregular cnlaigcnieiit inorc 
marked on the left than on the nght Consistenc\ ot the ghnd w.is firmer than 
noimal Biuit and thrill w-ere absent Ihc circiiinJerencc ol the nccl ihrongh 
the seventh cerMcal and the midtlnroid region menured 34 5 cm The heart was 
not enlarged The pulse rate w'as 124 per minuli Murmiiis and irregularities 
W'ere absent The blood pressure w'as 130 systolu and SO di istolic The results 
of the rest of the examination W'ere essentialK ik,,i1i\c 

Lobotafoiv Data — Roentgen examination oi thi. chest showed dcnition and 
compression of the trachea to the right b\ a siibstcrnal tlnroid Ekctrocaidio- 
graphic tiacmgs show'ed simple tachycardia and the P w i\c notched in leads 2 and 3 
Examination of the blood revealed red blood cells, 3,300,000 , hemoglobin content 



Fig 4 (case 5) — A, postoperative recurrent toxic adenoma of the tlnroid with 
mediastinal compression phenomena, as e\idenced b\ enlarged \eins o\er the neck 
and the upper anterior part of the chest Moderateh see ere toxic s\inptoms 
endured for one year The patient did not respond to medical treatment in addi- 
tion to several roentgen treatments The circumference of the neck was 34 5 cm 
(December, 1926, before radium treatment) B, two weeks after the last ippli- 
cation of radium Afarked improvement in constitutional ss mptoms resulted 1 hen 
was a drop in basal metabolism of from plus 58 to plus 6, and a gam in weight 
of fiom 118 to 129 pounds (53 5 to 58 5 Kg) With the shrinkage of the neck 
from 34 5 to 32 5 cm, dilatation of the aeins o\cr the neck and the anterior pirt 
of the neck wxas no longer present (Juh 28, 1927, after radium treatment) 

70 per cent, wdiitc blood cells, 5,500, pohmorphonuclears 50 per cent large 
l 3 miphoc-\ tes, 5 per cent, small hmphoc%tcs, 45 per cent The urine showed a 
trace of albumin and a few h\ aline casts The basal metabolic rate w is plus 
58 per cent 

Com sc Lndc) Radmni Tuatvnnt—ln J uuiar\ 1927, 6,090 mg hours of radium 
with the collar (fig 8) at 3 cm distance were gi\en to the tlnroid region and 
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3,700 mg hours with the block at 3 cm distance to the upper retrosternal region 
The result was prompt improvement in subjective symptoms and a shrinkage of 
the neck from 34 5 to 33 cm In the early part of March, 1927, two months after 
the first radium treatment had been given, her weight increased from 118 
(53 5 Kg ) to 125 pounds (56 7 Kg ) but the tachycardia persisted A restudy of 
the basal metabolism showed plus 58 per cent Accordingly, at the beginning of 
June, 1927, radium treatment was repeated The improvement this time was even 
more marked than after the first senes of treatments On July 20, only one week 
after the last fractionated dose of radium was given, her basal metabolism had 
dropped from plus 58 to plus 6 per cent She felt much stronger Her weight had 
increased to 129 pounds (58 5 Kg ) The pulse ranged between 84 and 90 The 
blood pressure was 125 systolic and 80 diastolic The circumference of the neck 
showed a further reduction from the original 34 5 to 32 5 cm The improvement 
was not confined, however, merely to the thyroid growth in the neck The intra- 



Fig 5 — Radium collar The radium collar is made of five blocks of balsa 
wood, each block measuring 5 by 3 by 3 cm The blocks are held together by 
adhesive plaster Their proper adjustment to the neck is obtained by pledgets of 
gauze The distribution of the radium capsules is shown Each brass capsule, 
1 mm thick, contains from 10 to 25 mg of radium m the form of steel needles, 
according to indications The collar is strapped in place bv adhesive plaster and 
reinforced by a bandage, 6,000 mg hours constitute an erythema dose 


thoracic retrosternal adenomatous mass must have been similarly affected, for the 
dilatation of the veins over the neck and the upper anterior part of the chest was 
no longer present (fig A B) 

Reexamination two months later showed that the patient was in good condition 
with a pulse rate of 72 She had been attending to her housework regularly 
What IS even more important, she had been subjected for almost two months to 
great emotional stress One of her daughters had developed general sepsis and had 
been in a critical condition all this time Moreover, during the same period her 
husband had succumbed to gastric cancer Yet she stood well all these emotional 
stresses without any recrudescence of toxic symptoms The last examination on 
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Aug 2, 1928, found the impro\cmcnt pcrsi'-tinpr in spilt oi iclut alidomniil -^t.np- 
toms from a patliologicalb diseased gallbladder ^\l(!l \ hrgt imp.i'-.ihle ^tom, 
demonstrated roentgenologicalK 

Comincut — The lesjionse to ladiiim theiap\ m this t.isc iciinncs the 
chief objections to the tieatment of toxic adenoma In ladiiim If such 
maiked compiession phenomena, as ncie present in this case can he 
lemoved b}' ladium theiap), what contiamditaiion then icm.nns to its 
use in toxic adenoma of the thyioid’"' 

Casl 6 — Ihstoiy — Miss F S S, aged -40, a school teacher, w.is referred h\ 
Dr D A Swick of New York on March 19, 1927 because oi undue emolion.dism 
irritability, hoarseness, goiter, weakness, taclncardn palpitation, diarrhea loss m 
weight and sleeplessness of six gears’ duration The present illness hecan six ^t irs 
prior to examination, m 1921, when she began to de\el(ip s\mptoms of tlnro- 
toxicosis followed one jear later by the appearance of a painless lump m tiie right 
side of the neck Medical consultation led to a diagnosis ot to\ic goiter, and the 
patient was put through a regimen of rest, diet and internal nudication \ briei 
period of improvement was followed by a prolonged relapse \nd although dui mg 
the years from 1924 to 1927 she improved spontaneoush slie w is unable to 
resume her professional duties for more than a feu hours a da\ and uas frefiuciith 
compelled to stay awaj from school for several dajs at a time 

When she was seen by me for the first time m Marcli, 1927, she comphincd oi 
all tlie symptoms enumerated 

Examination — Physical examination presented a well nourished and de\ eloped 
young woman with flushed face and slightl> prominent and brilliant e\es Then, 
was only a suggestive von Graefe’s sign, but no definite exophthalmos m spile oi 
clinically perceived thyrotoxic symptoms of six j ears’ duration The scalp ua-- 
normal, and there was an abundant growth of haii Her skin was moist and 
dermographia was easily elicited The teeth were in good condition The tongue 
was coated, fissured and tremulous The pharynx was slightlj congested 

Examination of the tigroid gland repealed in the right lobe and isthmus a large 
oval, elastic mass measuring 10 bj 6 by 4 cm m size The left lobe was shghth 
enlarged The adenomatous mass W'as nontender, moeable and not unduh \ascular 
Pulsation of the vessels in the neck w’as not increased Bruit and tlirill o\cr the 
th 3 roid w'ere absent The circumference of the neck through the seeenth ccreical 
vertebra and the midthjToid region measured 36 cm Tlie transeerse diameter wa^- 
from 14 to IS cm , the right vertical measured 6 cm the lelt, 4 cm , the thiekne-->- 
of the right lobe w'as 4 cm , tliat of the left 2 cm 

The heart w'as not enlarged There w'as a soft apical sestolic murmur Tlie 
rate w'as 124 m the upright and 120 in the recumbent posture The lung-- did imt 
show' anv abnormality Results of the abdominal examination were negatne except 
for a low' median scar, the result of a gynecologic operation There wa-- moder'>tc 
tremor of the fingers The lower extremities were normal 
The basal metabolic rate was plus 29 
The diagnosis W'as toxic adenoma of the tlnroid 

Collide Undet Radium Thciapy — Between April 2 and 16, P'27 tlic patient 
W'as gi\en 6,000 mg hours of radium to the tlnroid with the ridium c'>l!.<r at 
3 cm distance and 3,000 mg hours to the tinmus region with the block it i cm 
distance The results were extremeh gratifying On May 7 only fne yyeek*- 
after the first fractionated dose of radium y\as applied and yyith a sVm erythema 
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from the radium fully developed, she was subjectively free from symptoms The 
pulse rate had dropped from 124 to 120 to 100 to 88 The circumference of the 
neck was reduced from 36 to 34 5 cm and the adenoma measured 9 hy 6 by 3 On 
June 28, she felt entirely well For almost two months she had been able to attend 
to her professional duties without any fatigue The school authorities had noticed 
the favorable change and complimented her “for not being absent a single day 
during this term ’’ Her pulse rate was from 84 to 90 The adenoma had shrunk 
from 10 by 6 by 4 to 7 by 6 by 3 cm She was seen again m September, 1927, 
and was found clinicallj' well In July, 1928, I was informed by Dr Swick that 
the condition nmamed unchanged During the entire year, she attended regularly 
to her professional duties and felt entirely well 

Case 7 — Hi<;toiy — Rose B, aged 28, referred to the radium clinic of Beth 
Israel Hospital on Feb 8, 1927, by Dr Charles J Brim of New York, had rapid 
enlargement of the thyroid gland, loss of 30 pounds (13 6 Kg ) in weight, nervous- 
ness, tremor, palpitation, dyspnea, hoarseness, dysphagia, marked asthenia, anorexia, 
diarrhea, cough, nausea and vomiting and night sweats of three months’ duration 
The present illness began in 1919, rvhen, shortly after the birth of her first child, 
she noticed a slight prominence of the anterior region of the neck This enlarge- 
ment gave rise to no local discomfort and apparently remained stationary in size 
until the fall of 1926 Simultaneously with the growth m the neck she noticed a 
tendency to nervousness, accompanied during the last two years by slight progres- 
sive loss in weight In November, 1926, she had an incomplete abortion followed 
by curettage Eight days later, she developed signs of pneumonia and was ill for 
four weeks When the pulmonary condition was improving, she noticed that the 
growth m her neck was enlarging rapidly Presently she began to suffer from 
headaches, blurring of vision, dryness of mouth and lips, choking sensation in the 
throat, throbbing of the vessels in the neck, tachycardia and palpitation, dyspnea 
on exertion, anorexia and nausea, diarrhea, asthenia, disturbed sleep, night sweats, 
tremor, nervousness and irritabilitj’’ Within three months after the onset of her 
symptoms, she lost 30 pounds (13 6 Kg) in weight 

In spite of these complaints, she struggled along to take care of her tour 
children and her household duties At last her strength gave way, and she con- 
sulted Dr Brim, who had her referred to the radium clinic on Feb 8, 1927 

Examination — Physical examination presented a young woman, nervous, rest- 
less, with a flushed face and prominent eyes, but without definite signs of exoph- 
thalmic goiter There was a slight von Graefe’s sign Other ocular signs were 
absent Her tongue was slightly tremulous, although the fingers showed marked 
tremor The pharynx was slightly congested The tonsils were moderately 
enlarged and congested and appeared diseased There was slight visible pulsation 
of the carotid vessels 

Examination of the thyroid gland showed a diffuse enlargement with pre- 
dominant involvement in the isthmus A large area in the isthmus felt harder 
than the rest of the thyroid tissue and was suggestive of an adenoma surrounded 
by diffuse hyperplastic tissue The gland was freely movable, both under the 
skin and over the underlying tissues Thrill was absent although a bruit was 
present over the entire gland The circumference of the neck through the seventh 
cervical vertebra and the midthyroid region measured 36 cm The transverse 
diameter was 14 cm , the right vertical, 5 cm , the left vertical, 4 cm , the thick- 
ness of the right lobe was 3 cm, that of the left 2 cm (fig 6 A) 

Examination of the heart showed no enlargement, and the rate was 96 systolic 
and 100 diastolic The apical sound was booming and the second aortic sound 
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was accentuated 2tlurnmrs and irregtilantics were not detected The hlnon pres- 
sure was ISO sestolic and 60 diastolic Tlie lun^s v ere nnrnnl 

E\annnation of the abdomen reeealed tlie upper lc\el at the fiitli nphl mtir^pice 
midclavicular line and the low'cr border 4 cm below tlie cost d inar^jm J he surface 
was smooth, the edge sharp and nontender O'he upjier le\(l oi spkmc duhuss 
reached the seventh interspace left mida\illar\ liiu the lower border was palinble 
from 2 to 3 cm below' tbe costal margin 

Results of rectal and vaginal examinations wert negatne 
Labotatoiv Data — Roentgen examination of the chest showed the canine 
shadow' enlarged to both sides Electrocardiographic tracings showed leit \cn- 
tricular preponderance and taclncardia The urine was normal Examination oi 
the blood revealed red blood cells, 3,470,000, hemoglobins, 5 per cent whitt blood 
cells, 7,100, poh morphonuclears, 44 per cent, large Kmphocetes 3 per eent, small 
lymphocytes, 51 per cent The basal metabolism w'.as plus a2 jier cent 

The diagnosis was toxic adenoma of the thjroid with elifluse lupcrphsn 



Fig 6 (case 7) — A, toxic adenoma of the thvroid in a womm, aged 28 Mild 
toxic symptoms ensued for almost eight years, sceere toxic s\mptonis tor three 
months Basal metabolism w'as plus 52 The circumfci ence of the neck was 36 
cm (Februarj, 1927, before radium treatment) B four months alter a single 
course of radium treatments to the thyroid region onl\ All toxic SMiiptoms dis- 
appeared, and there w'as a great gam m weight The pulse rate was 72 I he 
basal metabolism was normal The circumference of the neck was reduced irom 
36 to 33 cm (Sept 8, 1927, after radium treatment) 

Coin <;c Lndei Radium TicatmciU — Commencing on April 2o and ending 
Mae 1 1927, the patient recened one continuous radium treatment with the radium 
collar at 3 cm distance over the adenoma as its center The tot il do^c ddnered 
W'as 6,000 mg hours The result was one of the most laeorable I hue c\er 
obsereed in the treatment of toxic goiter be radium M ithin one rnontli aittr the 
single radium treatment eeas gieen she felt sufticientle improeed to perform her 
household duties eeithout undue strain She had lost almost all oi lier s\niptoiris 
and had gamed 3 pounds (1 4 Kg) in eeeight eehile the circumierence oi lur neeJe 
ee'as reduced from 36 to 33 cm Her pulse rate dropjicd to 84 per minute V 
basal metabolic determination slioeeed plus 4 Reexanimatrori on h’h 5 1927, 
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showed a pulse rate of 72 and blood pressure readings 110 sjstohc and 60 diastolic, 
a drop of forty points in the systolic pressure without any change in the diastolic 
With the shrinkage in the diffuse hyperplasia of the thyroid gland a single, discrete, 
hard tumor mass could be distinctly outlined in the isthmus and right lobe of the 
thyroid (fig 6 B) 

The patient has been kept under observation since, and at no time has she 
shown any recurrence of toxic symptoms The last examination in June, 1928, 
showed her weight to have returned to 155 pounds (70 3 Kg), the best she ever 
weighed before the onset of her toxic symptoms 

Comment — Striking lesults fiom a single radium tieatinent as 
shown in this case aie seldom encountei ed in the clinically classic cases 
of diffuse hyperplastic toxic oi exophthalmic goiter, while m cases of 
toxic adenoma moie than once has a similar i espouse been obseived 
Nor IS the constitutional leaction fiom the application of ladium as 
maiked in the aveiage case of toxic adenoma as it is in the diffuse 
involvement of exophthalmic goiter Evidently the disci ete involve- 
ment of the thyioid represented by a single toxic adenoma is a lesion 
favorable to attack not only by suigical intervention but by radium ther- 
apy as well 

Case 8 — Htstoiy — Beckie O, aged 32, was referred to the radium clinic of 
the Beth Israel Hospital on March 8 , 1927, by Dr Max Weitzen of New York 
Her condition consisted of goiter, nervousness, tremor of the hands, recurring 
attacks of mental depression, flushes of heat, night sweats, paroxysmal attacks of 
cough, dyspnea and palpitation on exertion, headache, irritability, emotionalism 
and loss of 32 pounds (14 5 Kg ) in weight The goiter had been present twenty- 
six years, while the toxic symptoms had endured seventeen 3 'ears 

The mother and one sister had had enlargement of the tlwroid gland for a 
number of years, apparently not accompanied bj’- any constitutional symptoms 

At the age of 6 years the patient became aware of the presence of a lump in the 
lower part of the center of the neck, which ever since its first appearance had 
remained practically stationary in size In 1910, when the patient was 15 years 
of age, she developed nervousness, tremor of the hands and recurring attacks of 
abdominal pain After medical measures had been tried for a time with complete 
failure, she was advised to undergo appendectomy for a supposed chronic appen- 
dicitis One year later, the appendix was remoied, but the patient’s symptoms 
remained unrelieved In 1917, after the birth of her first child, she developed 
an attack of severe melancholia which lasted for a year and a half Milder attacks 
had been recurring ever since In 1925, two years before admission to the radium 
clinic, she suffered an acute grippal infection which left her with a burning sensa- 
tion in the throat and noises in both ears Her nervous symptoms gradually 
increased in severity She had flushes of heat and night sweats In January^ 
1926, a tonsillectomy was performed for the exceedingly annoving condition of the 
throat Relief failed to follow Instead, since the tonsillectomy she has had 
frequent paroxysmal attacks of cough and expectoration Her appetite was poor 
She has lost 32 pounds (14 5 Kg) in weight during the past several years She 
was extremely emotional and irritable and easily became depressed During the 
past fourteen months, lollowing the tonsillectomy, marked asthenia has been the 
predominant and most distressing symptom 

She was treated ineffectually by several phvsicians and was finallv referred to 
the radium clinic of the Beth Israel Hospital on March 8 , 1927 
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Lxattutiaiwn — A\ hat struck one espcciall, dunne tiie fir-t j! Mice at tl t I'-t'cnt 
uas tlie c\cccdinf,d\ woebegone melaneholic expre'-Mon ot tie lace 7 !) 

which was not subdued b\ the marked flu^ii m her clicek*- There v no c'<.p’i- 
thalmos in spite ot a histor\ of se\cnteen eear*- oi tlnrot^i' t *■% mjitdin'- and in 
spite of the unmistakable mental mam testations \ ! uh hi\e hien ^trc'-'-ed 1)\ ^ome 
obser\ers as an important diagnostic feature that di-i nguislu^ e\o])hthalmie eoiter 
from toxic adenoma of the th\roid 

Examination of the phar\nx failed to rexeal suit,, unt cau^e lor the excc‘'‘'i\eh 
distressing throat sxmptoms Onh a slight ( nneH ^tion wa-, jirc^ent I lu toii'-ils 
were entirch absent, haxmg been successtidh nuithtUd v ithoiit am aiipircnt 
benefit to the patient The tongue was not trimiiloiis ilthnaeh the hands shoved 
a fine tremor 

Examination of the thxroid gland showed an irrcgul.ir ikkIuI tr enlargement 
especiallj of the isthmus The gland was firmer than normal but w i- irciU 
moxable Bruit and thrill were absent The circumicreiiee m the neck through 
the sex'enth cervical xertebra and the midtln roid rcgiot iiiextstircd ii em J Ik 
transxerse diameter was 13 cm , the right and Icit \ertied \ertebrae vere S cm 
each , the thickness, 2 cm 

The heart was not enlarged There was simiile t.iclnc irdia 1 he jiuKe rate 
was 104 The blood pressure was 120 sxstolic and 90 diastolic The lungs ere 
normal 

The abdomen showed an old appendectonn scar, otherwise it was norm il 

Examination of the xagina showed a bilateral cervical laceration the bod\ oi 
the uterus w’as normal Results of the rectal examination were negitne 

Laboiafoiy Data — Results of roentgen examination oi the chest vere negatm 
Electrocardiographic tracings showed simple taclncardia Examination oi ilu 
blood rex'ealed red blood cells, 3 750,000 hemoglobin, 75 per cent, white blood 
cells, 6,000, pohmorphonucloars, 68 per cent large Ixmphocxtcs, 2 per cent sin ill 
hmphoextes, 30 per cent The urine was normal The basal metabolic rate v is 
plus 30 per cent 

The diagnosis was toxic adenoma of the tlnroid ot mam xears duration >’ uh 
marked mental mam testations recurring in attacks 

Couisc Undci Radium Ticatmcnf — On IVIarch 31 and April 6, 1927 5 000 mg 
hours of radium xxith the radium collar at 3 cm distance were given to the tlnroid 
region, and on April 19, 3,000 mg hours with the block were applied to the tlnnuis 
region The result was extremelv gratifving Within one week alter r.^diuin 
therapv' vv^as started, improvement in svmptoms was noted On Mav 3 1927 on! 
one month after the first application of radium was made her onh comp!nnt< 
were cough, slight expectoration and oppression in the chest She lelt strong 
Her depression was gone Her mood became hopeiul and mori. cluenul She 
began to gam m weight Her pulse rate dropped to 72 per minute I he iirciin- 
ference of the neck had shrunk Iroin 33 to 30 5 cm (fig 7B) 

Reexamination filteen months later, in Juh, 1928 showed the improven’int 
persisting Her weight hael increased to 132 pounds fs9 9 Kg ) Her jiuhf •’id 
basal metabolism were norma! During this entire period oi ob'irvitio,! hir 
attacks of melancholia tailed to recur ffig 7 0 

Comment — The most inctiuctne features of this case were 

1 The chscoverv of the adenoma at the eailv at^e of G vear- 

2 The development of toxic constitiuion.il anel local 'ilideimnird 
svmptoms nine veais aftci the appearance of the adenom i The thvro- 
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Fig 7 (case 8) — A, toxic adenoma of the thyroid in a woman, aged 32 Toxic 
symptoms endured seventeen 3 'ears, and were accompanied by marked mental 
manifestations recurring in attacks The basal metabolism was plus 30 The 
circumference of the neck was 33 cm (March, 1927 , before radium treatment) 
B, three weeks after radium treatment to the thyroid and thymus regions There 
was marked improvement in constitutional s}mptoms, and a decided change in 
facial expression The pulse rate was 72 There was a gam in weight, and a 
shrinkage of the circumference of the neck from 33 to 30 5 cm (Afay 10, 1927, 
after radium treatment) C, eleven months after a single course of radium treat- 
ments The pulse and basal metabolism were normal The patient gained 14 
pounds (6 4 Kg) in weight Alental svmptoms did not recur, and shrinkage of 
the neck persisted (March, 1928 , after radium treatment) 
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toxic condition was appaicnth o\ei looked A local dia'^nio‘=is of clnonic 
appendicitis lead to appendectomy uhich failed to piodiice .in\ lelicf 
A low-giade snioiildeiing toxic piocess continued \Mth little, if an\ 
inciease in the size of the adenoma 

3 The added stimulus of piegnanc} and the diffitult adju<;tmenl of 
an iiritable thyiotoxic patient to the tiiaK inhulations and frictions 
of maiital life fanned the smouldeiing tlnioioxic flame into incrcactd 
activity The burnt of the intoxication lucdonunanth .iftectcd the stn- 
sitne cells of the affective centers The lesult vas an outbreak of acute 
melancholia which did not subside foi a }eai and a hall Shell, id a spon- 
taneous 1 emission, but did not fully ieco\ci fioin lici llniotoxic condi- 
tion She lemained nervous and iiiitable She lost weight, and suheicd 
fiom dyspnea and palpitation and had mild iccuiienl atlaeks of 
depi ession 

4 An acute influenzal infection aggiavated all hci tlniotoxic suup- 
toms and was followed by distiessing tin oat s}mptoms Toc.il tonsill.ir 
infection w^as diagnosed Tonsillectomy was peifoimcd hut iclief 
failed to follow^ 

5 Finally, aftei seventeen }eais of continuous tliMotoxic s\mptoms 
with attacks of melancholia and local phenomena ol the tin oat, the 
patient leceived one application of ladium to the theroid and one to the 
thymus legion, and lehef fiom hei thyiotoxic semptoms prompth 
ensued A complete tians formation occuiied in hei disposition It 
one caiefully examines figuie 7, it wull tell the accomplished lesult 
moie eloquently than w^oids can desciibe It is clinical obsenations of 
tins kind viewed by the light of radium theiapy wdnch foice the unshak- 
able conviction in one’s mind that both in cases of classic exophthalmic 
goitei and in cases of toxic adenoma the hi am and the lest of the nei- 
vous system and all the other systems m the bod\ aie onl} secondaiil} 
affected fiom a piimaiily diseased thyioid gland and not mcc ^els,l 
Relief fiom tlniotoxic symptoms by local attack with ladium on the 
thyioid speaks decidedly against the tlnioid as a compciuaton agent 
in eithei toxic adenoma oi exophthalmic goitei Bolclh , in both con- 
ditions, it points uneiiingly to a diseased tlnroid gland as the highh 
noxious destiuctive souice fiom which toxic pioducts emanate and flood 
the system and exeit then most baneful and pernicious efleet^ on all 
loci minoiis lesistentiae 

SUMAIVKY AND CONCLUSIONS 

In his illuminating stud} of tliMOid adenoma, one ol the loic- 
most Ameiican students®' in health and duea''e ot the tin roid gkiiifl 

87 Ararine D Benign Epithclnl Tnniors ol tlie Tlnroid Ghiui J At 
Research 22 229, 1912-1913 
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stated “The teim thyioid adenoma was formerly 

used by Rokitansky,®® Virchow,®® and Wolfler®® to include symmetiical 
h3^perplasias of the whole gland While at present theie is a 

tendenc} to shaiply distinguish moi phologically between adenoma and 
diftuse oveigiowth of the thyioid (goitei) and to criticize the earlier 
obseiveis’ use of the teim ‘adenoma,’ nevei theless, the more extensive 
one’s acquaintance with these giowths becomes the moie one is con- 
vinced that the point of the eaihei avi iters was well taken, that theie 
IS no shaip dnusion between benign epithelial tumors and diftuse ovei- 
growths that some have been led to expect either anatomically or func- 
tionally ” 

In common AVith Mai me I fully endoise the views of the old mas- 
teis in thyroid pathology and, therefoie leadily accept Aschoff’s teach- 
ings that nodulai goitei is synonymous with adenomatous goiter or 
adenoma of the thyioid, and that toxic nodulai goiter is equally 
synonymous with toxic adenomatous goiter oi toxic adenoma of the 
thyioid Hence, clinicall}^, a tentatne diagnosis of toxic adenoma of 
the thyroid is warranted whenevei a nodulai goitei is associated with 
the constitutional symptoms of exophthalmic goitei with oi without the 
oculai manifestations of the disease 

In lecognizing toxic adenoma as a chnical-pathologic concept, I 
wish to stress stiongly that neithei clinically nor pathologically do I 
peiceive any fundamental distinction between toxic adenoma and exoph- 
thalmic goitei except as the variation of a single disease Nevei theless, 
for piactical diagnostic and theiapeutic leasons, the recognition of this 
vaiiatioii IS important, for in toxic adenoma the oculai signs are raiely 
pi esent, the adenoma oi adenomas may be small and i eadily disi egarded 
if stiess on this A^ariation of thyiotoxicosis is omitted fiom the medical 
htei atui e 

Eponymically, Pariy’s disease — and not Basedow’s oi GiaA'^es’ dis- 
ease — IS the most appiopriate designation foi both toxic adenoma and 
exophthalmic goiter, for Paiiy was the first obseivei who described all 
varieties of toxic goitei 

Clinically, a nodulai goitei without exophthalmos may be as toxic 
or even moie toxic than a smooth, diffusely enlarged, or exophthalmic 
goiter with pronounced oculai signs The prognosis in a severe case of 
toxic adenoma with myocaidial insufficiency is much gravei than that 
in a moderately severe case of classic exophthalmic goiter m which the 
patient has maikedly bulging eyes and a faiily intact m)mcardium 

88 Rokitansky, C Zur Anatomic des Kropfes, Wien, 1849, cited by Marine 

89 Virchow, R Die krankhaften Geschwulste, 1863, rol 3, p 15 

90 Wolfler, A Ueber die Entwickelung und den Ban des Kropfes, Arch f 
khn Chir 29 1, 1883 
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Although toxic adenoma ma} urn as sc\c]c .i course as exnphth ilmiL 
goitei, Its clinical manifestations aic iisualh mildci, and tlu sinuK.'l 
lesults aie moie satisfactor) than m classic e\ 0 ])hth.dmic i^oitci 

The moie favoiable suigical lesuIts in to\u adenoma aic due not to 
any fundamental difteience m natme from exophth.ilmic goitci but to 
a vaiiation of a single disease In exojihilnlmic goiici. gencialK the 
entile gland is dillusely involved in the pathologic piocess, eehilc m 
toxic adenoma of the th}ioid the gland shows one oi se\ci.d pathologic 
foci with intenening healthy tissue betwcin the abetted aicas IJcnec 
geneially, the symptoms aie mildei, and suigical lescetion is moie satis- 
factoiy than in exophthalmic goitei 

Suigical intei vention, howevei, is no longei tlie onh tfficienf me. ms 
111 the successful tieatment of toxic adenoma ot the tliMoul "1 he same 
factois ivhich aie opeiative to make suigical mtenention moie suctcss- 
ful in toxic adenoma than in exophthalmic goitei aie equalK opei.itnt 
in loentgen and ladium theiaji}^ 

Of these tivo methods suigical mtenention has Iicen iccognized until 
the piesent day by the majoiity of the medical piofession as the method 
of choice, while loentgen and ladium therapy ha\e been slighted oi 
1 ejected 

A leview of the literatuie and my oevn obsenations full} luslifN 
the following conclusions 

Suigical intei vention is no longei the onl) means of lelicf m rleal- 
ing with toxic adenoma of the thyroid 

Radium theiapy efficiently applied not only lemoves the theiotoxic 
symptoms but also shiinks the tumoi giowbh and theieb} lemoees the 
compiession phenomena of toxic adenoma of the tluioid 

Radium theiapy, safe, efficient, fiee fiom suigical moilalit}, desenes 
hist choice not only in dealing with exophthalmic goitei but also in the 
tieatment of toxic adenoma of the tliMOid 

Finally, it must not be foi gotten, to obtain the best icsult^ m toxic 
aelenoma as well as in exophthalmic goitei a combination of ladium 
theiapy plus lest in bed, propei diet and medication, is highh dcsiiahle 



THE EFFECT OF THE PURINE BASE DIURETICS 
ON THE CORONARY FLOW 


N C GILBERT, M D 

AND 

G K FENN, M D 

CHICAGO 

Repoits based on expenmental woik concerning the eftect of the 
salts of theobiomine and caffeine, and latei of theophylline, on the vol- 
ume flow in the coronal y arteries, began to appear shortly after the 
clinical repoit of Askana/y ^ m 1895 Taken as a whole, the collective 
evidence points definitel}'' to a vasodilatoi action of these diugs on the 
coionaiy vessels The work has been done almost entirely on piepara- 
tions of the isolated heart, and with suspension preparations of arteiial 
stiips While, for the most part, the lesults of such experiments can 
safely be taken as evidence of the actual pharmacologic effect of the 
drug clinically, there aie ceitain objections Especially is this tiue when 
there is a possibility that the action is a diiect one on the vessel wall In 
pel fusion experiments a constant supply of the diug is reaching the 
tissues 111 a fixed dilution, permitting any amount to be taken up by the 
tissues m time When a dose of the drug calculated to make the same 
dilution m the blood is injected into the cn dilation, one does not know 
how much is taken up by the tissues elsewhere, how quickly, oi what the 
dilution IS when it leaches the tissues to be tested, noi does one know 
what biochemical reaction m the blood may alter its action In the 
isolated heait also, the vessel is fiee from the constant vasomotoi changes 
present in the intact animal which might alter the response 

The onl)'^ work on the intact animal available to us has been that of 
Sakai and Saneyoshi ^ Their conclusion was that the vasodilator effects 
which they found may be ascribed to doses largei than those used clin- 
ically, and are referable to a rise in blood piessure 

For the past several yeais these drugs, and especially the salts of the 
obromine have been used in the Sunday morning clinic for patients with 
diseases of the heart at St 'Luke’s Hospital The lesults are leported 
elsewhere by Gilbert and Kerr ^ Some degree of relief from the anginal 

Submitted for publication, Jan 30, 1929 

From the Medical Department of Northwestern University 

1 Askanazy Deutsches Arch f khn Med 56 209, 1895 

2 Sakai and Saneyoshi Arch f d ges Physiol 78 331, 1915 

3 Gilbert, N C, and Kerr, John Austin Clinical Results in Treatment of 
Angina Pectoris with the Purine-Base Diuretics, J A M A 92 201 (Jan 19) 
1929 
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pain was obtained in moie than half of the cases, and in a few cases the 
lelief was almost complete The unpleasant symptoms which sometimes 
accompany the use of these diugs was somewhat deteiient, this, how- 
CAei, could be obMated in most of the cases b) a change in the prepaia- 
tions used and m the method of admimstialinn The good lesults weie 
obtained just when they would be expected when theie w'-as the laigest 
element of piobable vasomotoi spasm, and the least element of anatomic 
change in the \essels 

Because of wdiat w'e consideied good clinical lesults wnth the diugs, 
and because the pievious expeiimeiital woik could not be consideied 
altogethei conclusive it w^as deteimined to attempt fuither expeiimental 
woik The lesults aie given biiefl}'’ 

EXPERIMENTAL WORK 

Diiect measuiement of the ictuin flow m the coionai) aiteiies in 
the intact animal must nccessaiih piesent man) Aaiiables wfliich are 
unknown! The opeiatne pioceduies, the shock, and especially the tiau- 
mati7ed thoiax and open chest, aie doubtless pioductive of changes in 
the basic condtions Biochemical conditions in the blood may vary 
during the expeiimcnt with raiiations in the pulmonai} \entilation, with 
the amount of saline mtioduced into the cn dilation and wntli other fac- 
tors But theie is no raiiable w'hich could be assumed to facilitate the 
action of \asodilatoi dings 

Since the coionai} flow' is a dnect function of blood piessuie, and 
especial!} diastolic piessuie, it w'ould be demanded that this factoi be 
conti oiled The expeiiments lecoided m this papei, wath a few' minoi 
exceptions, lesulted m a fall of both sjstolic and diastolic piessuie, and 
lendeied the contiol of this raiiable unnecessaiy Vaiiations of late, 
as w'ell as of othei factoi s, such as venous inflow and tonus, ha\e been 
shown b) othei s to have no efiect on the coionai}' flow' when w'lthin 
ordinal}' limits (Amep ') 

In the expeiiments lepoited, dogs w'eighing about 6 Kg w'eie used 
Foi the most pait the Giehant anesthetic w'as used, a 5 pei cent solution 
of chloiofoim m equal paits of alcohol and w'atei About 8 cc pei 
kilogiam of body w'eight w'as administeied thiough a stomach tube, pie- 
ceded one-half houi by 0 01 cc of moiphine pei kilogiam of bod} 
W'eight The dosage w'as vaiied slightly in piopoition to the condition 
of the animal On six dogs, chloietone in dosages of fiom 0 25 to 0 30 
cc pel kilogiam w'as used On tw'o dogs, ethei was used, and m one 
case paialdelnde 


4 Anrcp, G V Physiol Rev 6.596, 1926 
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Blood piessuie was lecorded by means of a meicury manometer 
connected with the carotid In a few cases a Hueithle appaiatus Avas 
used, but this was discaided in favoi of the meicuiy instrument 

The chest was opened to the light of the midline through the costal 
caitilages, and aitificial ventilation was instituted The cannula described 
by Morovitz ® was slightly modified by introducing m the distal third 
enough of a cuive so that when it was fixed m position in the coionaiy 



Fig 1 — Apparatus for recording coronary flow and modified Morovitz 
cannula 

sinus, the cannula would project out thiough the midline without exert- 
ing pressure on the heart or lungs, otheiwise, it was used as desciibed 
by Morovitz The cannula was connected with the cylindei of a piston 
lecoidei, placed lower than the heait, and the use of the fluid let^el in 
the cylinder was tiaced on a revolving drum Slight changes in the late 
of flow were shown b}'' deviations from the stiaight gradient of ascent 


5 Morovitz and Zahn Deutsches Arch f klni Med 116 366, 1914 
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The qhndei was emptied maniially at inteivals, and the blood returned 
thiough a n aimed C3lmdei connected with the femoral vein The height 
of the cylmdei was adjusted so as to peimit of a constant letuin flow 
Small Aaiiations m letuin flow aie shown at once by changes in blood 
piessuie and consequent changes m the late of coionaiy flow No 
expeuments aie lecoided m which the cannula was not fiimly seated in 
the coionai} sinus at autopsj While the letiiin flow fiom the coionaiy 
sinus measuies appioximately onl) about three fifths of the total coio- 
naiy flow, and theie aie laiiations fiom thib latio, the latio lemains 



Fig 2 — Section of tracing, showing effect of the injection of 001 cc per 
kilogram of bodj' weight of theobromine sodium acetate 


constant foi the individual animal m the expeiinient ( Lovatt-Evans and 
Stalling 

The diug was intioduced thiough the cannula in the femoial vein 
When dilutions of the diug in the blood aie given in the tables, the late 
of injection was such as to peimit of one oi moie cii dilatory cycles 
duiing injection, otheiwise, the chug was injected rapidly Control 
expel imenls with distilled watei and tap water showed no effect on the 
coionary flow 

6 Lovatt-Evans and Starling J Physiol 46 413, 1913 
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The doses used were aveiage human doses coi responding to those 
suitable foi a man weighing 75 Kg In the case of administiation of 
theophylline ethylenediamine, the 0 1 Gm giams) tablets were 

used clinically with good lesults, and pait of the experiments were based 
on this dosage The ampules furnished contain 0 48 cc , and m part of 
the experiments the laigei dosage was used 

In considering the results of the administration of any of the diugs 
heie used, it is to be home in mind that we do not know the state of 
dilatation when the drug is injected, as we do not know what factors 
aie opposing fuithei dilatation Also, a vasodilator drug previously 
injected may influence the lesults obtained from the injection of other 
vasodilator drugs for an unknown period afterward The effect of the 
second injection may be slight or absent because of an extieme dilatation 

Table 1 — Effects of Injcctwits of Caffeine Sodium Benzoate 


Effect 







Time of 

Blood Pressure 


Per Cent 


Experi- 


Dose 


Injec- 

f ^ 

\ 


Increase 

Dog 

ment 

Anesthetic 

per Kg * 

Dilution 

tion 

Systolic Diastolic 

Pulse 

in Plow 

52 

2 

Grehant 

0 01 

1 7700 

So' 

0 

0 

0 

92 

52 

3 

Grehant 

0 01 

1 7700 

33' 

— 55 

— 4 5 

+ 3 

0 

52 

10 

Grehant 

0 01 

1 7700 

5' 

0 

0 

—12 

12 5 

33 

4 

Grehant 

OOOS6 



—15 

—16 

— 9 

0 

63 

2 

Grehant 

0 0083 

1 9240 

35' 

-1- 8 

+ 6 

— 3 

10 7 

43 

2 

Grehant 

O00S2 



—18 

—IS 

-f 9 

15 i 

42 

1 

Grehant 

0 0071 



— 9 

— 9 

+ 7 

0 

33 

2 

Grehant 

0 0065 



— 4 

— 3 

-M2L 

0 

41 

1 

Grehant 

0 0065 



—25 

—24 

-flS 

20 

29 

ID 

Grehant 

0 0065 






0 

43 

1 

Grehant 

0 0041 



—16 

—14 

-flS 

83 

49 

1 

Grehant 

0 0032 



—10 5 

—11 5 

+ 9 

88 

* 

Dose, OC067 cc per Lilognm, 

foi n man 

^^elghmg 

75 Kg , 7% 

gnins 

(0 5 Gm ) 



seemed by the first injection Oi, when small doses are used, an 
inci eased i espouse may be elicited by subsequent doses when the concen- 
tration of the diug 111 the blood is increased Because of this, only in 
the fiist expel iment in each dog is there no possibility of influence by 
the previous injection of drugs 

The results obtained with injections of catfeine sodium benzoate are 
shown in table 1 The effect of this ding on the coionary flow was less 
than with any of the other piepaiations In dog 42, there was no 
response m the fiist experiment with what would coi respond to a full 
human dose Theie was not, howevei, the fall in flow which might be 
anticipated from the fall in blood piessuie That there was not alieady 
a vasodilatation at the time of injection is shown by the fact that a lather 
laige dose of euphvlhn (0 007 cc per kilogram of body weight) gave an 
increase in flow of 100 per cent ten minutes later In two cases theie 
was an increase in flow with fi actional doses in the fiist experiment 
With the exception of one case (dog 53), the blood pressuie fell The 
pulse rate was accelerated in seven of the eleven cases 
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Injections of theocme sodium acetate (table 2) showed a more 
maiked eftect on the flow than was expeiienced when caffeine sodium 
benzoate was used In dog 44, there was an mciease of 30 pei cent 
in the flow with one half of the estimated human equivalent In two 
cases theie was no i espouse In dog 29, approximately a full dose was 
given five minutes aftei a 58 pei cent i espouse had been obtained with 
theobiomine sodium acetate Theie was a dcciease m coionaiy flow, 
as might be expected in the presence of a pieexisting vasodilatation and 
a fall m piessuie In dog 45, theie was also no inciease in coronary 
flow The expeiiment was made eighteen minutes aftei a 120 pei cent 
mciease in flow had been caused by anothei ding 

A fall in piessuie and an mciease m pulse rate was again observed 
in most of the expeiiments The smallei doses m the last two experi- 

T MILK 2 — Effect'! of Injections of Ihcocmc Sodium Acetate 


Meet 


Dog 

Experi- 

ment 

Anestlietic 

Dose 
per Kg * 

/ ■■ 

Blood Pressure 

S\sto]ic Diastolic 

Pulse 

Per Cent 
Increase 
m Plow 

45 

0 

Grefiant 

0 003B 

— 4 

0 

+15 

28 5 

34 

7 

Grehant 

0 0030 

— 0 

— 7 

+ 0 

34 6 

39 

2 

Greliant 

0 00^ 

— S 

—10 

+20 

28 5 

44 

2 

Grehant 

0 00330 

— 7 

— 5 

+ 9 

273 

29 

2 

Grehant 

0 0033t 

— 0 

— S 

— 3 

—4 5 

2S 

5 

Grehant 

0 0033 

— 8 

—10 

+30 

95 

30 

1 

Grehant 

0 0033 

+10 

+ 5 

+ 3 

214 

20 

o 

Grehant 

0 0033 

0 

0 

0 

3 3 

45 

4 

Grehant 

oooiot 

—10 

—10 

+13 

0 

44 

1 

Grehant 

0 0017 

+ 2 

+ 2 

+ 0 

307 

39 

1 

Grehant 

0 0010 

+ s 

4* 5 

+ 3 

0 


* Do'-o, 0 0035 cc per l,iIof,rnin, for n nnn Mcitlilng 75 Kg , i giains (0 26 Gm ) 
f \ftcr large respon'e ■nitli tlieobromine sodium acetate 
} After extreme pro\lous dilatation 


inents did not cause a fall in piessuie, but caused a use, as did the 
almost full dose in dog 30 

The advantage of the vasodilatoi eftect of the ethylenediamine in 
addition to that of the theophylline (theocme) is claimed foi euphyllin 
(theophylline ethylenediamine) While we did not obtain as uniformly 
good lesults as those obtained by Guggenheimei and Sassa,‘ or Iwai 
and Sassa ^ in pei fusion expeiiments on the empty beating heart, the 
effect was distinctly supeiior to that pioduced by theocme sodium acetate 
(table 3) 

When there is as gieat a variability m results as must always obtain 
m work on the intact animal, it is possible that in a laiger series of 
animals compaiable lesuIts would have been obtained with the smaller 

^ Guggcnheimer and Sassa Verhandlungen der deutschen Gesellschaft fur 
innere Medirin, 3'5 Kongress, Wien, 1923, p 101 

8 Iwai and Sassa Arch f exper Path u Pharmakol 99 215, 1923 
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doses and gi eater dilution As it was, expeiiment 1 in dog 63 showed 
a 25 pel cent increase in flow with one half of the smallest human dose, 
and an estimated dilution m the blood of from 1 to 110,000 

The lesults obtained with theobromine and with its sodium acetate 
and sodium salicylate salts aie shown in tables 4, 5 and 6 A greatei 

Table 3 — Effects of Injection of Enphylhn 


Effect 







Time of 

Blood Pressure 


Per Cent 


Experi- 


Dose 


Injec 

; *- 



Inerease 

Dog 

ment 

Anesthetic 

per Kg ♦ 

Dilution 

tion 

Systolic Diastolic 

Pulse 

m Plo'n 

56 

2 

Ether 

OOOS 



—34 

—30 

+28 

29 5 

56 

3 

Ether 

0 008 



—13 

—13 

+36 

40 

43 

4 

Grehant 

0 0077 



—10 

—10 

0 

18 75 

42 

2 

Grehant 

0 007 



—14 

—11 

+ 2 

100 

48 

6 

Grehant 

0 0058 



— 7 

— 7 

—12 

715 

48 

4 

Grehant 

0 0029 



— 6 

— 5 

+18 

37 5 

58 

3 

Ether 

0 0028 



—IS 

—18 

0 

—12 5 

59 

5 

Grehant 

0 0023 

1 26,813 

16' 

—12 

— 9 

+24 

50 

57 

3 

Grehant 

0 002 



— 6 

— 6 

+12 

50 

57 

4 

Grehant 

0 002 



— 6 

— 6 

+51 

40 

48 

5 

Grehant 

0 0015 



— 8 

— 8 

0 

77 

59 

6 

Grehant 

0 0014 

1 53,626 

12' 

— 8 

— 7 

+ 6 

92 

GO 

4 

Grehant 

0 00095 

1 82,134 

15' 

-f 1 

+ 1 

0 

95 

60 

3 

Grehant 

0 00076 

1 102,667 

8' 

0 

0 

+ 9 

0 

60 

2 

Grehant 

0 00038 

1 205,334 

15' 

0 

0 

0 

0 

60 

1 

Grehant 

0 00019 



0 

0 

0 

0 

61 

1 

Grehant 

0 0003 



+ 4 

+ 4 

0 

0 

61 

2 

Grehant 

0 0006 



— 4 

— 4 

+18 

0 

61 

3 

Grehant 

0 0006 



— 2 

— 2 

0 

0 

61 

6 

Grehant 

0 0012 

1 64,167 

S' 

+ 2 

4- 2 

+ 3 

20 

61 

7 

Grehant 

0 0012 

1 64,167 

13' 

-f 2 

+ 2 

+ 3 

25 

63 

1 

Grehant 

0 0007 

1 110,367 

S' 

-1- 6 

-h 6 

—15 

25 

63 

2 

Grehant 

0 0014 

1 55,188 

17' 

0 

0 

0 

50 


* (Ampules) 0 0064 cc per Lilograni, for a man ■neigliing 75 Kg , 7% grams (0 48 Gm ) 
(Tablets) 0 0013 cc per Kilogram, for a man weighing 75 Kg , 1% grams (01 Gm ) 


Table 4 — Effects of Injection of Thcobiomine 


Expcri- Dose 


Dog 

ment 

Anesthetic 

per Kg * 

Dilution 

57 

2 

Grehant 

0 005 

1 15,400 

58 

f 

Ether 

0 00087 

1 84,000 

58 

6 

Ether 

0 000S7 

1 84,000 

63 

3 

Grehant 

0 0012 

1 66,220 

63 

4 

Grehant 

0 00248 

1 33,110 

6-3 

5 

Grehant 

0 005 

1 16,555 


Effect 


Time of 

Blood Pressure 


Per Cent 

Injec 



\ 


Increase 

tion 

Systolic Diastolic 

Pulse 

in Flow 

34' 

+ 2 

0 

—12 

33 5 

58' 

—16 

—16 

— 3 

78 

40' 

+ 2 

+ 2 

0 

5 25 

32' 

+ 2 

+ 2 

0 

33 

35' 

— 4 

— 4 

+18 

33 

47' 

—10 

0 

+ 9 

72 72 


* Dose, 0 005 cc per kilogram, for a man aveighing 75 Kg , 0 giams (0 38 Gm ) 


and more constant increase in the retuin flow through the coionary sinus 
resulted with the use of these drugs This mciease m flow was observed 
not only with the estimated dosage in every instance except when theie 
was a previous extreme vasodilatation, but also with pi oportionate doses 
down to one eighth Heie again there was obseived a deciease in sys- 
tolic and diastolic blood pressure, with an increase in the pulse rate in 
most of the expeiiments The exceptions were more frequent with the 
smaller doses 





Table 5— Effects of Injection of Theobiommc Sodium Sahcylatc 









Effect 







'lime of 

Blood Pressure 


Per Cent 


E\pen 


Dose 


Injec- ,■ 





Increase 

Dog 

ment 

Anesthetic 

per Kg * 

Dilution 

tion 

Sjstohc Diastolic 

Pulse 

in Plow 

IT 

7 

Paraldchj de 

0 035 



0 

0 


16 7 

14 

4 

Chlorctonc 

0 03 



0 

0 

-{- 9 

0 

9 

0 

Chloretonc 

0 026 



— J 

~ 2 

4* G 

15 4 

12 

3 

Cliloietone 

0 024 



■“ b 

— 4 

+21 

06 6 

12 

*> 

Chlorctone 

0 024 



h 4 

+ 2 

—12 

37 75 

32 

11 

Chloretonc 

0 024 



0 

7 

— 6 


12 

12 

Chloretonc 

0 024 



■i 4 


— 3 

54 5 

23 

1 

Grehant 

0 0377 



— 2;> 

— s 

~ 0 

50 

23 

o 

Grehnnt 

0 0177 



— 8 

O 

— 9 

83 7 

17 

1 

Paraldehyde 

0 0175 



— 1 

0 

— 7 

26 

IS 

3 

Grehant 

0 0167 



-14 



33 

20 

0 

Grehant 

OOlCC 



— 4 

2 

+1S 

47 

20 

1 

Grehant 

0 0166 



— S 

— G 

+27 

32 2 

15 

1 

Chloretonc 

0 0145 



+ 2 

— 2 

+ 3 

25 

14 

1 

Chloretonc 

0 0135 



0 

0 

0 

0 

14 

■> 

Chlorctone 

0 0135 



0 

0 

0 

0 

34 

7 

Chloretonc 

0 0135 



0 

0 

+ 6 

0 

34 

s 

Chlorctone 

0 0135 



0 

0 

0 

0 

9 

2 

Chlorctone 

0 013 



— 1 

— 1 

+24 

22 

44 

0 

Greh lut 

0 01 



— 4 

- 4 

+24 

51 5 

34 

3 

Grehant 

0 011 



—14 

—10 

— 3 

13 

27 

1 

Grehant 

0 011 



— 4 

— 1 

+ 3 

40 

SI 

o 

Grehant 

0 01 



■4* 4 

7 

— 3 

37 3 

3") 

4 

Grehant 

0 01 



— 6 

—14 

+ 6 

25 

39 

4 

Grehant 

0 01 



— G 

0 

+30 

18 7d 

41 

2 

Grehant 

0 01 



-11 

—12 

+18 

3G4 

33 

5 

Grehant 

0 01 



— 7 

— U 

0 

45 

23 

1 

Grehant 

0 01 



— 2S 

-23 

+30 

154 3 

30 

o 

Grehant 

0 01 



—24 

-23 

+18 

0 

oO 

0 

Grehant 

0 01 



—10 

-10 

-1- 0 

3S5 

20 

1 

G reliant 

0 01 



— 4 

— 3 

+30 

28 6 

'2 

11 

Grehant 

0 01 

1 7700 

ly 

0 

0 

+ 9 

23 5 

54 

7 

Grehant 

0 01 



0 

+ 2 

—32 

16 4 

OO 

2 

Grehant 

ooos 



+20 

+20 

+ 3 

60 

oG 

1 

J'tlier 

0 005 



+ 2 

+ 4 

0 

29 5 

■>4 

2 

Grehant 

0 004 

1 18,960 

ly 

0 

0 

0 

50 

'.S 

2 

rther 

0 0035 



—12 

—12 

+ 9 

27 

>3 

i 

Grehant 

0 00121 



+ 10 

+10 

+ O 

10 7 

51 

1 

Grehant 

0 00125 



0 

0 

0 

0 

* 

Do*-e, 0 01 ce per kilogram, lor a man weighing 73 

Kg , 11% 

ginins 

(0 75 Gm ) 



Table 6 — Effects of Injections 

of Thcobi online 

Sodium Acetate 









Effect 











> 






lime of 

Blood Pressure 


Per Cent 


Pxper! 


Dose 


Injee 

, ^ 

^ 


Increase 

Dog 

ment 

Anesthetic 

per Kg * 

Dilution 

tion 

Systolic Diastolic 

Pulse 

m Plow 

9 

10 

Chlorctone 

0 0214 



0 

0 

0 

0 

9 

33 

Chloretonc 

0 0214 



0 

0 

0 

Slight fall 

29 

1 

Grehant 

0 0103 



— 8 

— 4 

0 

58 4 

38 

1 

Grehant 

0 01 





—18 

52 9 

30 

2 

Grehant 

0 01 



— 9 

— T 

+12 

123 

40 

5 

Grehant 

0 01 



+12 

+11 

— 6 

122 3 

28 

8 

Grehant 

0 01 



—10 

+ 2 

— 6 

29 

52 

5 

Grehant 

0 01 

1 7700 

22/ 

—11 

—11 

0 

44 5 

52 

9 

Grehant 

0 01 

1 7700 

2y 

— 6 

— 6 

0 

25 

54 

3 

Grehant 

0 01 



— 4 

— 4 

+ 9 

22 

54 

6 

Grehant 

0 01 



— 7 

— 5 

+ 3 

— 4 t> 

41 

5 

Grehant 

0 01 



— 9 

— 8 

+ 6 

137 8 

33 

8 

Grehant 

0 01 



— 8 

— 8 

+ 9 

0 

30 

9 

Grehant 

0 01 



— 5 

— 3 

+24 

<tjjl 2o 

47 

4 

Grehant 

0 01 



—14 

—15 

0 

65 6 

5G 

0 

rther 

0 01 

1 7700 

20' 

- 2 

+ 2 

4- 3 

71 5 

43 

5 

Grehant 

0 009S 



— 3 

— 3 

0 

33 3 

38 

3 

Grehant 

0 0094 



—11 

—11 

0 

38 4 

61 

5 

Grehant 

0 006 



+ 9 

+ 5 

0 

67 

30 

1 

Grehant 

0 0047 



— 1 

+ 1 


26 6 

61 

2 

Grehant 

0 0042 

1 18,287 

56' 

— S 

— 6 

+12 

25 

61 

9 

Grehant 

0 001 

1 19,250 

S' 

+ 5 

4- 5i 

0 

loo 

51 

1 

Grehant 

0 0021 

1 36,000 


— 0 

— 6 

4*24 

44 

52 

1 

Grehant 

000325 



0 

0 

24 

0 

52 

4 

Grehant 

0 00125 



0 

0 

0 

111 

53 

3 

Giehant 

0 00125 



— 8 

— 8 

0 

0 


Do‘;e, 0 01 cc per kilogram, foi a man weighing 75 Kg , 11% grams (0 75 Gm) 
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In two dogs theie was no response in the first experiment with one 
eighth of the estimated dose, but dog 53 showed a 16 7 per cent mciease 
of flow when given one eighth of the dose of theobromine sodium ace- 
tate, and dog 58 showed a 78 pei cent increase when given one sixth 
of the estimated dosage of theobiomme 

In the cases m which no i espouse occuried with more than one eighth 
of the estimated dosage, there was reason to assume a pievious dilata- 
tion, as such instances occuired in other than the first injection, except 
when chloietone anesthesia was used Because of failure m i espouse 
or the smallei increase m flow with chloietone anesthesia, even when 
doses largei than noimal were used, it was determined to investigate the 
effect of chloietone when injected intravenously This is well shown 
in table 7 Similar lesults weie obtained in two othei expeiiments It 

Table 7 — Effect of Chloi atone 


Effect 

/ * 1 

Blood Pressure Per Cent 


i/xper 

1 


Dose 

f 



\ 


Increase 

ment* Drug 


per Kg 


Systolic Diastohc 

Pulse 

m Plow 

1 

Theobromine sodium 

sah- 








cylate 


0 00125 


0 

0 

0 

0 

2 

Theobromine sodium 

sah- 








cylate 


0 00125 


0 

0 

0 

60 

3 

Theobromine sodium 

ace- 








tate 


0 01 


— 4 

— 4 

+ 9 

22 2 

4 

80 per cent alcohol 


0 3 cc 


— 4 

— 4 

— 6 

0 

5 

Chloretone m 2 cc of SO 








per cent alcohol 


0 027 

After 120' 

—16 

—20 

—57 

69 





After 160' 

—18 

—20 

—60 

77 





After 240' 

—12 

—14 

—60 

169 

6 

Theobromine sodium 

ace- 








tate 


0 01 

After 5 min 

— 7 

— 5 

+ 3 

—415 

7 

Theobromine sodium 

sali 








cylate 


0 01 

After 11 mm 

0 

+ 2 

—12 

15 4 


* Dog no 54 (7 4 Kg ) 

Will be noted in the table that wdien one eighth of the estimated dose of 
theobromine sodium salicylate w'^as given, there w'^as no i espouse, but 
when the same amount was added to that ah eady in the circulation, five 
minutes later there was a 50 per cent increase in flow Because chloi- 
etone was so much more readily soluble m alcohol, the effect of 03 cc 
per kilogram of 80 per cent alcohol injected slowly into the circulation 
was observed There was a slight decrease m blood pressure and in 
pulse rate, but no change in the volume of the retuin flow through the 
coronary sinus Chloietone, 0 027 cc per kilogram, dissolved in 80 per 
cent alcohol, was then injected into the circulation This caused a 
marked deciease in blood pressure and in pulse rate, with a great increase 
in coronal y flow When a full dose of theobromine sodium acetate was 
given five minutes later, there was a decrease in the coronary flow, as 
would be anticipated with a fuither fall in pressure m the presence of 
an extieme dilatation Sixteen minutes after the injection of chloretone, 
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the volume flow had deci eased to a point wheie a full dose of theobio- 
mine sodium acetate was able to elicit a slight i espouse 

A similai check with chloiofoim (00058 cc per kilogiam) in dogs 
Lindei ether anesthesia showed lespectively in three expeiiments no 
change in flow, an mciease of 3 7 pei cent and an inciease of 294 pei 
cent 

The effect of sodium salicylate and sodium acetate was investigated 
in 01 del to deteimine their influence on the action of the con esponding 
theobi online salts Sodium acetate m thice expeiiments in doses of 
0 01 cc pel kilogiam gaie no lesult in one case, and an increase in the 
coionan" flow of 37 5 pei cent and 26 6 pei cent in the two other cases 
Sodium acetate in doses of 0 01 cc pei kilogiam m thiee expeiiments 
ga^e inci eases of 120, 47 and 83 5 pei cent in the coionan flow, and in a 
dose of 0 0076 cc per kilogiam. an mciease m flow ot 89 pei cent It 
IS to be obseived, howeiei, that the double salts of theobi omine in the 
experiments cited showed no achantage ovei theobi omme wdien used 
m con esponding dosage 

The elapsed time betw'een the administration of the chug and the 
effect on the coionaiv flow^ deci eased wnth inci eased dosage and inci eased 
concentiation in the blood With fi actional doses, a coiisideiably longei 
time was necessaiy be foie a maximal efiect occuiied 

SUMMARY 

It wall be obseived that the lesults lecoided m this paper aie similar 
to those obtained in pei fusion expeiiments on the isolated heait, and 
especially those lepoited by Heathcote® The oidei in point of efficacy 
aie theobi-omine and its salts, theophylline ethylenediamine, theophyl- 
line sodium acetate and caffeine A vasodilator effect on the coronary 
arteiies, as showm by an inci eased letuin flow thiough the coionaiy 
sinus, IS showm with doses coii esponding to the aveiage human doses, 
and fi actions of such doses 


9 Heathcote, R St A J Pharmacol & Exper Therap 16 327, 1920 



UNDULANT FEVER PRESENTING THE CLINICAL 
SYNDROME OF INTERMITTENT 
HYDRARTHROSIS * 

B M BAKER, Jr, MD 

BALTIMORE 

Malta fever is gradually assuming a piominent idle among the 
infectious diseases of this countiy In 1906, Craig ^ reported the first 
case of Malta fever contracted in the United States fiom a natural 
souice and not through laboratory infection From 1905 to 1924 
several leports of similar cases appeared in the American literature 
(Yount and Looney,- Gentry and Ferenbaugh,® Lake ^ and others) 
Although theie may be some doubt about the source of infection in the 
case described by Craig, ^ the infection m the subsequent cases could 
with considerable ceitainty be tiaced to goat’s milk 

Although Baallits abo)tus of Bang had been recognized as a cause 
of abortion m cattle for man)'^ years, and infection by the oiganism 
was known to be widespread among cattle in many countries, including 
the United States, it was not until the work of Shaw ® and the later 
investigations of Evans “ that it became evident that Bacillus aboi tus 
and Buicella mchtensis weie organisms which are almost indistinguish- 
able by cultuial, moiphologic and serologic examination In a continu- 
ation of her woik, Evans has included under the broad term Buicella 
mehtensis strains from human, porcine, caprine and equine sources 

Submitted for publication, Feb 2, 1929 

Presented in abstract at the meeting of the Association of American Physi- 
cians, Washington, D C , May 3, 1928 

* From the Biological Division of the Medical Clinic of the Johns Hopkins 
University and Hospital 

1 Craig The Symptomatology and Diagnosis of Malta Fever, with the 
Report of Additional Cases, Internat Clin 4 89, 1906 

2 Yount and Looney Malta Fever, with a Preliminary Report on Cases 
Occurring in Arizona, Arizona M J 1 18, 1913 

3 Gentrj’-, Ernest R , and Ferenbaugh, Thomas L Endemic Malta Fever in 
Texas, J A M A 57 1045 (Sept 23) 1911 

4 Lake Malta Fever in Southwestern United States, Pub Health Rep 37 
2895 (Nov 24) 1922 

5 Shaw Mediterranean Fever Reports, London, parts 4, 1905-1907, vol 16 

6 Evans, A C Further Studies on Bacterium Abortus and Related Bacteria, 
J Infect Dis 22 576, 1918 

7 Evans, A C Serological Classification of Brucella Mehtensis from 
Human, Bovine, Caprine, Porcine and Equine Sources, Pub Health Rep 38 1948 
(Aug 24) 1923 
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The fiist infection in man piovecl to be due to Biiicclla mehtensis, 
Aaiiet}- aboitus, was lepoited b}'- Keefei,® in 1924 KeefeTs study 
suggested that infection by Baallwi aboifus might occur in man 
tlnough the use of milk'’ oi milk pioducts obtained fiom infected cows 
and under such ciicumstances might pioduce in man a disease similar 
to ]\Ialta fe^el Since the inibhcation of KeefeTs papei, instances of 
infection In Bacillu<! oboilits have been icpoited fiom all paits of the 
countr} In the lepoited cases, emphasis is usually laid on the fact that 
the goat could be excluded as a souice ot niiection or that the infection 
nas piobably deiived from cow’s milk iXnnig the past year three 
cases of undulant fever have been obseived in the Johns Hopkins Hos- 
pital The diagnosis Avas confiiined by lecoieiy of BuiccUa mehtensis 
fiom the blood stieain m all thiee instances 

Hard} has studied the pievalence of the disease m Iowa, basing 
the diagnosis on positne agglutination tests and has lonnd it to be piob- 
abl} as common as Uphold fe\ei and paiat}phoid fe\ei combined 
Aboitus infection has recently been lepoited fiom Canada (Scozzafave 
and Warnei and Kiistensen has collected 150 cases in Denmark 

Sn DaAid Biuce defined j\Ialta fever as “A disease of long dura- 
tion chai actei ized clinically by continued fe\ei, piotuse perspnation, 
constipation fiequent relapses, iheumatoid oi neuralgic pains, swelling 
of the joints oi oichitis ” The pains m the joints aie con- 

sideied chai actei istic, and in many cases aie a distiessmg feature, 
necessitating at times a diffeiential diagnosis fiom acute iheuraatic 
fevei Shaw lepoitcd a case m which the patient had swollen, paintul 
joints In tlie cases of Gilmoiii and Kennedy, theie was suppuiation 
of the costosteinal and costochondral aiticulations, and Buicella meli- 
fcnsis Acas lecoA’^eied in pine cultuie fiom the pus One patient of 

8 Keefer, C S Report of a Case of Malta Fei'er Originating in Baltimore, 
klarAland, Bull Johns Hopkins IIosp 35 6, 1924 

9 xtlore detailed history of Keefer’s case brings out the fact that the patient, 
in the course of his duties as laboratorj" technician in the department of InstologA, 
collected fresh material from hogs at a slaughter house From the studj”^ of the 
patient’s strain Dr Theobald Smith concluded that the infection Avas probably of 
porcine origin 

10 Hard} Malta Fever, Pub Health Rep 43 503 (March 2) 1928 

11 ScozzafaA'c and Warner Burcclla Abortus Infection in Man, Canad kl 
A J 19 177, 1928 

12 Kristensen, M Undulant Fever m Denmark, Ugesk f Laeger 90 869, 
1928 

13 Bruce Undulant Fever, in Osier Modern Medicine, ed 3, 1920, vol 1, 
p 634 

14 Shaw Undulant Fever m America, Science 67 217 (Feb 24) 1928 

15 Kennedy Notes on a Case of Chronic Synovitis, or Bursitis, Due to the 
Organism of Mediterranean FeA^er, J Roy Arm} M Corps 2 178, 1904 
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Watkins and Lake/'^ after apparent lecoveiy from undulant fevei, 
was left with “chronic lumbago ” 

The excellent clinical desciiptions of undulant fever by Keefer,® 
Kiistensen,^- Grigni and Savorini,^" Kern,^® Hardy and otheis por- 
tia} the disease and its bizaire manifestations m consideiable detail, 
and no attempt will be made m this communication to review this phase 
of the subject at length It is desired, howevei, to direct attention to 
one manifestation of undulant fever which hitherto has not been 
desciibed in relation to this disease Although it is possible that cer- 
tain instances of intermittent hydiaithiosis may have been, m fact, 
caused by Butcella mehtensis, an actual association between the clinical 
syndiome of inteimittent hydi arthrosis and undulant fever has not 
before been recognized 

REPORT or CASE 

Histoiy — G J, aged 47, an electrician, living in Virginia, entered the Johns 
Hopkins Hospital on Nov 3, 1927, complaining of swelling of the knees 

The family history revealed the fact that his father had died at the age of 74 
of heart trouble, and his mother at the age of 70 of cancer of the stomach No 
member of his famil}'' had ever suffered with diseases of the joints 

The past history showed that he had measles, chickenpox and mumps Seven- 
teen j^ears ago, at the age of 30, he was ill for six weeks with fever that was 
termed “typho-malaria,” as it was unaffected by quinine The fever was inter- 
mittent in type, with remissions in the morning and rises in temperature as high 
as 103 F in the evenings Anorexia, general arthralgia, malaise, loss of weight 
and profuse sweating accompanied the fever While recovery was slow, it was 
considered complete Previous to the onset of this illness he was working on a 
farm in Virginia and had been engaged m slaughtering hogs 

The patient had never married His habits were exemplary 

Piescnf Illness — He considered himself in excellent health until the onset of 
his present illness, which he dated definitely to the last week in March, 1927, when 
on a cold, wet evening, he stood on a street corner conversing with a friend for 
an hour or more On arising the following morning he was aware of a soreness 
in the tendons behind both knees “as if they had been exercised too much ” So 
far as he knew there had been no undue physical strain When he walked his 
knees were stiff, both knees being equally affected After two days of this dis- 
comfort the right knee began to swell and continued to do so for approximately 
three days, and then the swelling subsided as suddenly as it had risen For about 
a day the left knee felt normal, but to his surprise when the swelling in the right 
knee was at its height, the left knee enlarged also and followed precisely the 
course taken by the right During the period of enlargement the knees were stiff, 
but there was no local redness or heat, and locomotion was not seriously 
embarrassed 

16 Watkins, N W , and Lake, G C Malta Fever with Especial Reference 
to Phoenix, Ariz , Epidemic of 1922, JAMA 89 1581 (Nov 5) 1927 

17 Grigni and Savorim Clinical and Epidemiologic Symptoms of Undulant 
Fever, Gior di dm med 9 359, 1928 

18 Kern, R A Clinical Aspects of Brucella mehtensis. Variety Abortus 
Infection in Man, Am J M Sc 176 405, 1928 

19 Hardy, A D The Epidemiology of Undulant (Malta) Fever in Iowa, 
Pub Health Rep 43 2459 (Sept 21) 1928 
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The patient said that this sequence of events, running in cycles of seven days 
each, continued with great regularity from the onset of his trouble to the day of 
admission to the hospital The only change that he noted was a slow but steady 
increase in stiffness with consequent difficulty in walking By August, 1927, he 
had to give up his work He entered a local hospital, where a “glassful” of fluid 
\\as removed fiom each knee several times without any effect on the well estab- 
lished periodic swelling 

With the onset of the swellings in the joints the patient began to feel generally 
run doun, though never sufficiently so to go to bed PIis appetite was poor, and 
he experienced an almost constant dull headache Occasionally he felt chilly and 
then hot, so that he thought he had fever There were no sweats He lost 23 
pounds of V eight (10 4 Kg) m six months 

Physical E\aminaiwn — Examination of the patient revealed a temperature of 
99 F , pulse rate, 100, respirations, 22, blood pressure 120 systolic and 75 diastolic, 
height, 166 3 cm , weight, 117 pounds (53 1 Kg) 

The mucous membranes were pale, and there was a slight, yellowish pallor of 
the skin Pie had evident!} lost weight The gait was abnormal, obviously due to 
inabiht} to flex properl} the right knee There were no cutaneous hemorrhages 
or hemorrhages in the ocular fundi The tonsils were not enlarged, but there was 
moderate reddening of the right anterior tonsillar pillar Several enlarged glands 
were felt in the anterior and posterior triangles on both sides of the neck The 
epitrochlear glands were not felt The thyroid gland was not enlarged The 
lungs -were clear to percussion and auscultation The heart was not enlarged, and 
the sounds were loud and clear No thickening of the radial or brachial arteries 
was noted The Iner and spleen w'ere not felt, nor did they seem enlarged to 
percussion The prostate gland was small and firm 

Examination of the muscles show'ed them to be of good tone and bulk There 
were no disturbances in the recognition of all sensory stimuli All the tendon 
reflexes were equal and active on the tw'o sides 

The skeletal s}stem w'as normal wnth the exception of the right knee joint It 
was much larger than the left There w'as no redness, discoloration, increased 
temperature or edema of the o\erlying skin Definite ballottement of the right 
patellar w'as demonstrated togetiier wnth a considerable accumulation of fluid in 
the quadriceps pouches and obliteration of the noimal bony markings of the knee 
joint There w'as definite crepitation wdien the joint w'as moved, and passive 
flexion beyond 90 degrees caused considerable pain The left knee presented no 
apparent abnormality 

Laboi ofoi y Examination — The blood count showed red blood cells, 4,070,000, 
hemoglobin, 83 per cent, w'hite blood cells, 9,440, polymorphonuclear neutrophils, 
71 per cent, polymorphonuclear eosinophils, 1 per cent, lymphocytes, 22 per cent, 
mononuclears, 6 per cent Examination of the smear revealed no abnormality The 
urine on admission had a specific gravity of 1 025 , no sugar , albumin, 1 plus 
Microscopic examination of the urine show'cd a rare hyaline cast and many white 
blood cells and epithelial cells ^fter several da}s on a high fluid intake the urine 
became normal and remained so throughout the patient’s sojourn in the hospital 
The Wassermann reaction w'as negative Phenolsulphonphthalein excretion w'as 
60 per cent in two hours The tuberculin test (01 mg ) intracutaneously was 
negative The basal metabolic rate was -}- 6 No hypersensitivity to epidermal 
extracts, dairy products, grains, fish, vegetables or fruits was found by intra- 
cutaneous tests X-ray pictures of the knees revealed a slight degree of infectious 
arthritis (fig 1) The other larger joints were normal on roentgen examination 
Figures 2 and 3 show the appearance of the knees at a time when the swelling 
was maximal in one and minimal in the other 







Fjg 4 — The curves represent the fluctuations in the size of the knee joints, 
variations in temperature and the white cell count The patient weighed 117 pounds 
(S3 1 Kg ) The red blood cells numbered 4,000,000 , the hemoglobin content was 
83 per cent, the polymorphonuclear neutrophils, 71 per cent, the eosinophils, 1 per 
cent, and the mononuclears, 28 per cent 



Fig 5 — The curves represent the fluctuations in the size of the knee joints, 
variations in the temperature and the white cell count The patient weighed 124 
pounds (56 2 Kg) The red blood cells numbered 4,000,000 
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Com sc of Illness — Both knee joints Avere measured daily at the same hour, and 
reference to figures 4 and 5 confirms the patient’s story of an extraordinar\ 
regularity m the swelling It can be seen from the charts that for weeks without 
interruption, hetAveen Saturday evening and Sunday evening, the swelling in the 
right knee reached a maximum The left knee followed a similar schedule, 
approximateb'' three and a half days after the right 

In the charts the highest and loAvest temperatures for the day and the leukocyte 
counts are plotted The occurrence of persistent fever associated Avith slight 
leukocytosis suggested a search for some infection 

Accordingly on NoA'ember 17, the right knee Avas punctured, and 30 cc of a 
thick, brownish yelloAV fluid, clotting quickly, Avas withdraAvn The white blood 
cells of the fluid numbered 5,200 per cubic centimeter, 75 per cent Avere lympho- 
cytes, and 25 per cent pobnnorphonuclear leukocytes A small quantity of a 
similar fluid AA'as again AvithdraA\m from the right knee on November 26, and from 
the left knee on November 30 

Direct smears from these fluids stained by the method of Gram, contained a 
moderate number of tiny gram-negative bacilli frequently occurring in pairs The 
fluid AA'as cultured on the occasion of each tapping On November 22, and again 
on November 30, cultures Avere made from the blood stream On November 5, 
5 cc of urine AA'as injected into the groin of a gumea-pig From each assay an 
organism Avas recovered aaIucIi proA'ed on further study to belong to the BiuccUa 
inchtcnsis group 

On NoA^ember 22, the patient’s serum failed to agglutinate organisms of hj'^gienic 
laboratory strains of Btucclla mchicnsis 426, 428 and 456 Again on November 30, 
there Avas no agglutination, using these strains as Avell as the organisms recovered 
from the patient’s oavii knee joints A third attempt to demonstrate agglutinins in 
the patient’s serum on December 11 failed 

Ti cat went — A solution of potassium arsenite, sodium cacodylate and quinine in 
appropriate doses had no effect on the fcA'er, SAvelling of the knees or the patient’s 
symptoms Because of the fact that it A\'as impossible to demonstrate agglutinins 
in the patient’s serum for Biucclla inchtcnsis, administration of an autogenous vac- 
cine AA'as begun on December 15 He received 13 cc of vaccine between Dec IS, 
1927, and Jan 30, 1928, prepared from organisms recovered from his knee joints 
and blood stream 

On February 2, he Avas given intramuscularly 12 cc of serum from a patient 
(A S reported by Keefer) AA'ho had recovered from Malta fever and Avhose 
serum contained agglutinins for the patient’s organism On February 11 an addi- 
tional 8 cc AA'as given, and this dose Avas repeated on February 19 

Fmthei Com sc — Prior to the administration of vaccine the clinical picture had 
not changed, the patient had not gained Aveight, the fever had persisted, and the 
knees had continued to SAvell as they had done on admission Thirteen days after 
administration of the vaccine Avas started, the patient’s serum, in a dilution of 
1 640, agglutinated the organisms recovered from his knees and blood stream , 
fourteen days later his serum, in a dilution of 1 640, agglutinated known strains 
of Bi ticella inchtcnsis Almost immediately after commencement of the use of the 
vaccine, the temperature began to approach normal His appetite improved, and 
he felt generally stronger He felt that the stiffness in his knees accompanying 
the peaks of SAvelhng Avas less noticeable Reference to figure 6 aviU shoAV the 
effect on the hydrarthrosis 

Following the administration of convalescent serum, the improvement Avas 
striking The temperature became normal and remained so He felt Avell and 
gained Aveight rapidly The leukocytosis disappeared, the hemoglobin percentage 
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rose to 90, and the red blood count to 5,000,000 Two blood cultures made on 
Dec 28, 1927, and on Jan 14, 1928, remained sterile for twenty days, and cultures 
from the urine were negative for Biiicella mehteiisis The stiffness and pam 
largely disappeared from the knees, and while the base line of measurement of the 
joints became elevated, the fluctuations in the size of the joints diminished greatly 
He was discharged on Feb 24, 1928 

Unfortunately he was forced to return immediately to work, which necessitated 
standing for from six to eight hours daily The knees began to swell again, but 
caused him little, if any, discomfort 

The patient was last heard from on Sept 15, 1928 He had been constantly at 
work since leaving the hospital, but the periodic swelling of his knees had slowly 
returned For two days each week the pain and stiffness were marked, but the 
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Fig 6 — The curves represent the fluctuations in the size of the knee joints, 
variation m the temperature and the white cell count The patient weighed 131 
pounds (59 4 Kg) The red blood cells numbered 5,000,000, the hemoglobin con- 
tent was 90 per cent, the polymorphonuclear neutrophils, 57 per cent, the eosin- 
ophils and basophils, 5 per cent, and the mononuclears, 38 per cent 

remainder of the week he passed in moderate comfort Otherwise, he had 
remained well , none of the sj'-mptoms associated with his general infection had 
returned and estimations of the temperature in the morning and evening, daily 
since discharge, showed that he had remained afebrile 

BACTERIOLOGIC OBSERVATIONS 

Cultufes from Joint Fluids — Approximately 1 cc of fluid was 
allowed to flow freely over the surface of slants of beef infusion agar 
of 7 4 at the bedside immediate!}’- after aspiration The tubes were 
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incubated at 3/5 C , and no culture was pronounced sterile until 
It had been incubated for twenty days The first signs of growth 
occuired on the sixth, seventh and eighth days, in cultures made on three 
separate occasions 

Blood Cnltwes — Two methods were used In the first, 8 cc of 
blood was laked with 80 cc of sterile distilled watei and centrifugated 
at high speed for fifteen minutes The supernatant fluid was discarded, 
and the sediment mixed with 45 cc of dextrose agar of pn7 4- and 8 cc 
of steiile asatic fluid and poured into several Noguchi tubes These 
were stoppered with cotton swabs and allowed to incubate at 37 5 C 
foi twent} days before being discarded 

Results of AggluhtiaUon Tests Made zuttlt Noimal Senim, the Patient’s Seium and 
the Patient’s Oiganisins Against the Patient’s Seuim, Bnicella Mehtensis 
and the Seium of One Knozon to Have Malta Fever 
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11/20/27 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12/11/27 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12/28/27 

0 

0 

0 

0 

+ 

+ 

+ 

0 

0 

0 

1/11/28 

0 

0 

0 

0 

+ 

+ 

+ 

0 

0 

0 

1/30/28 

0 

0 

0 

+ 

+ 

+ 

+ 

0 

0 

0 

2/ 2/2S 

0 

0 

0 

+ 

+ 

+ 

+ 

0 

0 

0 

Patient’s serum vs known 

Brucella mehtensis 

11/22/27 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12/11/27 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12/23/27 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1/11/28 

0 

0 

0 

+ 

+ 

+ 

+ 

0 

0 

0 

1 /so/28 

0 

0 

0 

+ 

+ 

+ 


0 

0 

0 

2/ 2/28 

0 

0 

0 

+ 

+ 

+ 

+ 

0 

0 

0 

P itient’s organism vs serum 
from a patient known to 

have Malta fever 

0 

0 

0 

+ 

+ 

+ 


0 

0 

0 


Controls of suspensions of the organisms in each test were negative 

The second method consisted of inoculating each of five flasks con- 
taining 80 cc of beef infusion bioth pn 7 4 with 2 cc of the patient's 
blood and incubating for twenty days before pronouncing them sterile 
The organism was recovered by the use of both methods 

IdenUficahon — The organism grew luxuriantly on beef infusion 
agar Grayish, opaque, moist, rounded colonies, from 2 to 5 mm in 
diameter, first appeared on the sixth day after inoculation The organ- 
isms were nonmotile and did not retain Gram’s stain Both bacillary and 
coccoid forms occurred in the cultures, but the bacillaiy forms predomi- 
nated in young cultures Organisms frequently occurred in pairs, but 
longer chains were seldom seen Theie was no fei mentation m maltose, 
levulose, manmte, saccharose, raffinose or dulcite 
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Agglutination Reactions — Macroscopic agglutination tests of the 
patient’s serum in dilutions from 1 10 to 1 5120 at 56 C for two 
hours were made with organisms from fluid from the patient’s knee 
joints and from the blood, as well as with three organisms of the Bi ucella 
mehtensis group obtained from the hygienic laboratory Normal 
human serum and saline controls were set up m each test The lesults 
are given m the accompanying table 

The proagglutmoid zones weie present in all tests Cooling the 
serums for forty-eight houis m the icebox, heating them undiluted for 
an hour at 56 C , or allowing them to stand undiluted at room tempera- 
ture for several weeks had no effect on the appearance of the pro- 
agglutmoid zone Allowing the racks of tubes to stand at loom 
temperature for seventy-two hours after they had been read caused 
a disappearance of the proagglutmoid zone No explanation is given 
for this observation 

Animal Inoculation — The patient’s strain was sent to Di Theobald 
Smith foi study The lesion produced by inoculation into guinea-pigs 
simulated closely, but not absolutely identically, that produced by bovine 
Bacillus ahoitus 


COMMENT 

There is no doubt that this patient had undulant fever The 
lecovery of Bi ucella mehtensis from the blood stream, the presence of 
agglutinins in the serum of high titer, together with the clinical course, 
make the diagnosis undeniable 

Joint symptoms commonly form part of the picture of undulant 
fever, and occasionally aie pronounced In this case the joint sjmiptoms 
were singularly striking The effusions into both knee joints appeared 
and disappeared with clocklike regularity every seven days, and this 
lemarkable course of events continued for months without intenuption 
When the patient was first seen, a diagnosis of intermittent hydrarthrosis 
was made In an effort to determine the etiologic factor of this obscure 
malady, it was discovered that the patient had Malta fever and that 
Bi ucella mehtensis existed in large numbeis m the synovial effusions 

Hydrops intermittens articulorum has been known and legaided as 
one of the curiosities of medicine since 1845 Perrin first described 
the condition and cited as accompaniments of the hydi arthrosis slight 
fever, aching joints, headache and anorexia, all of which were present in 
the clinical picture of the case reported here 

20 These strains were sent by Dr Alice C Evans 

21 Perrin Cas curieux de contracture partielle ritermittente. Union med 25 
821, 1878 
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In 1864 , Mooie-- leported the second case and three years later 
added another Eighty-thiee instances of the disoider aie now to be 
found in the hteratuie The one featuie common to all cases is the 
pel iodic h3^diaithiosis, the tune inteivals sepaiating attacks varying 
fiom seveial da)>’S to seveial weeks 

Gairod and Benda have ivritlen excellent desciiptions of the dis- 
01 del Diagnosis laiely offeis any difficult, ioi intelligent patients can 
piophesy with gieat accuracy not only the day but often the hour at 
which an attack will commence Age, sex and social status apparently 
have no beaiing on the patients who present this lare picture 
Blanc lepoited an instance m which inothei and daughtei were victims 
of mteimittent h3'-di arthrosis In the gieat majority of cases the condi- 
tion involves one oi both knee joints, which weie believed to have been 
perfectl3^ healtlty pievious to the onset of hydiaithrosis In certain 
instances, patients give a histoiy of antecedent arthritis or trauma 

Theie has been no uniformity of opinion regaidmg the etiology of 
this peculiar disease Senator-" lepoited two cases and concluded fiom 
a review of the liteiatuie that the etiolog3'' was not the same m all cases 
in some instances the pei iodic effusions depending on abnoimalities m 
the vasomotor system, and m otheis on mflammatoiy changes in the 
affected joints 

Because of the fiequent pieceding histoiy of ague (Pen in, 
Moore,-- Marsh-® and others), the view was long held that malaiial 
fever might be responsible for the peiiodicity of intermittent hydiar- 
thiosis The discovei3'- by Ross of the shoit and constant life cycles of 
the malaiial paiasites necessitated the abandonment of this conception 
Many, but not all cases, are associated with high fevei , in others, an 
enlaiged spleen has been observed In Bierring’s case, the patient 

22 Atoore Periodical Inflammation of Knee Joint, Lancet 1 485, 1864 

23 Aloore Two Cases of Periodical Inflammation of the Right Knee Joint, 
Tr Aledico-Chir Soc Edinburgh 1 21, 1867 

24 Garrod Concerning Intermittent Hydraithrosis, Quart J Med 3 207, 
1909-1910 

25 Benda Intermittirende Gelenkwassersucht, Allg med Centr -Ztg 69 471, 
483, 495, 507 and 521, 1900 

26 Blanc Observation d’hydrarthrose intermittente hereditaire, Loire med 
17 287, 1898 

27 Senator Ueber intermittirende Gelenkwassersucht, Charite-Ann 21 224, 
1896 

28 Marsh An Affection of the Knee Possibly Due to Malaria, Tr Chn Soc 
London 38 147, 1905 

29 Biernng, W L Intermittent Hydrarthrosis, J A AI A 77 785 (Sept 3) 
1921 
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noted a regulanty of the swelling of his knee joint following an illness 
described as typhoid fever 

There have been a number of efforts to demonstrate organisms in 
the fluid aspirated from affected joints In all attempts, heretofore, so 
fai as one is aware, the fluids have shown no growth on culture 
Hartmann,^® in the joint fluid from a typical case, observed a “typhoid- 
hke bacillus” but was unable to cultivate it Pulawski noted a “Dtplo- 
coccus'’ in diiect smears from the synovial fluid but could not identify it 

These facts suggest the possibility that other cases presenting the 
clinical syndrome of intermittent hydrarthrosis might prove, on careful 
bacteriologic examination, to be instances of infection by a member of 
the Bacillus aboitus group It might be argued that in the majority 
of the reported cases of hydiops interinittens articuloium there are no 
signs oi symptoms of a chronic infection This is likewise true at 
present, of the patient in the case reported, for whereas he has regularly 
lecurrmg effusions into the knee joints he is afebrile and asymptomatic, 
and it IS further well recognized that mild symptoms of undulant fever 
frequently pass unheeded by the patient 

It IS hoped that this report will stimulate careful bacteiiologic study 
of cases of intermittent hydrarthrosis and systematic observations of 
the joints in cases of Malta fever 

SUMMARY 

1 A case of infection by Bacillus ahoitus arising in Virginia is 
reported 

2 In addition to many of the features of undulant fevei the patient 
presented a periodic swelling of the knee joints, diagnosed intermittent 
hydrarthrosis 

3 Organisms of the Buicella mehtensxs group weie isolated repeat- 
edly from the blood stream and from fluid from the knee joints 

4 Specific agglutinins appeared m the blood aftei the administration 
of an autogenous vaccine 

5 Definite disappearance of the signs and symptoms of the 
infectious disease followed the administration of Biucella mehtensis 
vaccine and serum from a patient who had recoveied from undulant 
fever 

6 There was amelioration of the subjective joint distuibances and 
a temporary alteration in the hydrarthrosis following this treatment 

30 Hartmann Ueber emen Fall von Spondylitis deformans mit intermit- 
tierendem Hydrops der Gelenke, Inaug Diss, Konigsberg, 1889 

31 Pulawski Em Fall von periodischer Gelenksschwellung, Wien klin 
Wchnschr 27 421, 1914 



BAKER— UNDULANT FEVER 


141 


7 It IS concluded that in this case the inteimittent hydraithrosis 
was pait of the geneial pictuie of infection from Biucella mehtensis, 
and it IS suggested that infection by a membei of this gioup of organ- 
isms might piove to be the cause of the clinical syndiome, intermittent 
hydiaithiosis, m othei patients 

8 It should be emphasized that during the peiiod in which Biucella 
mchtensis was cultured fiom the blood and mine, theie were no 
agglutinins in the patient’s serum Thus diffeiential diagnosis cannot 
be based solely on agglutination leactions 



THE PATHOLOGIC ASPECT OF SOME EPILEPSIES* 

ALFRED GORDON, M D 

PHItADELPHIA 

The literature contains numerous examples of material lesions in the 
cerebium which are associated with typical epileptic convulsions of the 
Jacksonian or general type Among the latest pathologic records maj 
be mentioned tumors of the pontocerebellar angle, the angular gyrus, 
the temporal convolutions and the pituitary gland , dilatation of the lateral 
ventricles , hemorrhage in the occipital lobe, and thrombophlebitis of the 
under surface of the frontal lobe ^ It is evident that a pathologic 
process in many portions of the brain may be accompanied by epileptic 
seizures, and these areas may therefore be considered as epileptogenous 
zones In the present contribution a pathologic lesion in a rather 
rare localization of the brain is described, the lesion, during the 
patient’s life, was a stimulating surface for convulsive discharges In 
the absence of clinical evidences of gross pathologic involvement of the 
brain, particularly in cases of focal epilepsy, it is well to refer to 
the possiDihties of invasion of the ventricles and espeoall}' of fbe kiteral 
ventricles 

Ventnculai walls are covered by ependymal lining membranes con- 
sisting of columnar and ciliated epithelium In the ventnculai cavity 
in a state of suspension he the choroid plexuses with their villi, which 
are constantly brought into contact with the ependyma of the ventricular 
walls Should the latter be in a state of inflammation or otherwise 
abnormally disturbed, there would be sufficient cause for the villous proc- 
esses of the choroid plexuses to produce an iiritation in the brain and, 
through the process of diffusion of the stimulus to the cortex along 
association or commissural flbers, to lead to reactions such as epileptic 
convulsions Two examples are presented incriminating the ventricular 
cavities of the brain as the direct cause of epileptic convulsions during 
the patient’s illness In one, the ventricular ependyma alone was found 
to be diseased , in the other, the choroid plexuses were chiefly affected 
No other lesion was found in either of the brains As I am concerned 
in this paper chiefly with the pathologic aspect of the problem, the 
details of the clinical pictuies of the cases will be omitted 

The patient in the first case was a middle-aged colored man, who 
presented frequent convulsive attacks (with loss of consciousness) con- 
fined to the left arm, with turning of the head to the left side There 
were also ataxia, involvement of the deep sensibilities in the left 


^ Submitted for publication, Jan 26 1929 
1 Gordon, A J Nerv & Ment Dis 61 142, 1925 
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aim, and finally left-sided liemianopia A nght-sided lesion was 
suspected m the biam A decompiessive operation was declined by the 
patient’s lelatives The patient died duiing one of these attacks 
At autopsy all the abdominal and thoracic viscera were found to be 
normal Aftei being hardened, the brain presented on transverse 
anteroposterioi section most uncommon observations, which were con- 
fined exclusively to the anterior cornua of the iateial ventricles The 
lesion was pionounced m the right horn, and only slightly evident in 
the left hour There was an unusually latge quantity of fluid in both 
coinua The ependyma had lost its uniform smoothness and was 
covered by numbeiless miliary nodules Histologically, the latter pie- 
sented cells of paitly necrotic material, some of them were undei the 
epend}ma, some had destroyed it and some weie in its surface Their 
relative size was not equal, some of them being laiger and longei than 
others, some were close to the suiface and foimed thick blanches at 
a certain distance from the suiface They consisted of ciowded round 
cells which followed the blanches of the oiiginal nodules Many vessels 
in this vicinity had mononuclear cells similar to those of the nodules 
Some blood vessels weie thiorabotic and greatly dilated, and had 
thickened walls In the latter, the inner la)^ei was shiiveled and torn 
in some places The ependyma itself immediately beneath the miliary 
nodules was much thickened and covered thickly between the nodules 
by round cells In some aieas there was solution of continuity of the 
ependyma, which solution continued deep m the subependymal tissue 
The inner walls of the sepaiated portion were covered with round 
cells As to the nature of the ependymal nodules, it is difficult to 
say They did not have the histologic composition of tubeicles It 
would seem reasonable to call them miliaiy gummas This view 
IS substantiated, I think, by the fact that many vessels m the vicinity 
had mononuclear cells in then walls 

In the second case the patient was a boy, aged 10, who had had 
epileptic seizuies since the age of 5 They weie all of a generalized 
character and typical in their individual manifestations There were no 
somatic symptoms deseiving special mention ^ The patient died from 
an mtercurrent bronchopneumonia 

At autops)^ all thoiacic and abdominal viscera weie found to be 
intact A systematic study of the brain was made both macroscopically 
and microscopically Special emphasis was laid on the histologic state 
of the cortex, m addition to a detailed examination of all tracts, fibers 
and nuclei The only pathologic tissue that could be determined was 
found in the choroid plexuses, and in the ependyma of the anterior 
horn of the lateial ventricles Externally, the plexuses appeared to be 


2 Gordon, A J Nerv & Ment Dis 67 445, 1928 
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greatly congested, and were thick, laige, and hard under the fingers 
The histologic study of the sections was made after the usual process 
of haidemng The staining was done with ammonia-caimine The 
numerous glomeruli, which are held together by the delicate connective 
tissue stroma and which present a villous-hke appeal ance, weie seen 
with their cubic epithelial cells and their mam constituents, namely blood 
vessels The lattei were filled with thrombi of all sizes, and some of 
them were stii rounded by a thickened external wall as the result of an 
inflammatory process evidently of long standing (fig 1) 



Fig 1 — Choroid plexus The blood vessels are filled with thrombi and sur- 
rounded by thickened external walls 

One finds in this instance, theiefoie, an original inflammation of 
the choroid plexus followed by hemoirhages within them Since the 
choioid plexuses are practically a convoluted mass of highly vascular 
piocesses of the pia which covers the walls of the ventricles, sections 
of the latter w^ere examined microscopically They weie found to be 
thickened and similar to the plexuses Then blood vessels were also 
filled with thiombi but not to the same extent (fig 2) The entire 
pathologic process was therefore continuous from one to the other, with 
this difiference, however, that the hemoirhage was less pronounced m 
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the membiane of the ventncular walls than in the plexuses The dis- 
oider consequently lies in the pia mater of the lateial ventricles The 
othei ventiicles of the hi am weie noimal in appeal ance and on his- 
tologic studies 

COMMENT 

To sum up, in the two cases desciibed in this papei the pathologic 
piocess is confined to the lateial ventiicles of the biain and to their 
contents, thus demonstiatmg that m addition to the other organic 



Fig 2 — Choroid plexus The pia of the walls of the ventricles is thickened 
The blood vessels are filled with thrombi 

localizations of epilepsy in the cerebitim the ventncular cavities may 
play the same lole of an epileptogenous zone Feiiier, in his “Func- 
tions of the Biain,” referred to his expeiimental investigations on the 
ventriculai walls, which on electiical stimulation produced spasmodic 
muscular contractions Ferrier’s observations had been corroborated 
by experiments of Coiville and Duret 

The pathologic observations of the two cases are not a common 
occurrence Ventricular foci have been rarely reported in connection 
with epilepsy Not only the lining of the ventricular walls of the 
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choioid plexuses, but a pathologic state of the physical properties of 
the cerebrospinal fluid in the ventricles may play an important part in 
ceiebral irritation resulting in convulsive seizures In a recent con- 
tribution ® a case of hydrocephalus was described m which frequent 
epileptic attacks were caused by increased tension of that fluid in the 
lateral ventricles A withdrawal of a certain amount of that fluid from 
the lateral ventricles was lollowed by freedom from seizures during 
nine months 

The particular interest of the present contribution lies in the obser- 
vations on the patient in the second case who duimg life presented 
manifestations of the common form of so-called idiopathic epilepsy in 
which an underlying organic lesion is ordinal ily not expected Besides 
the Intel estmg histologic observations, the cases are instructive from 
the standpoint of localizations Apparently, functional disorders may 
have an organic basis in areas other than those which are classically 
established The present contribution adds a new rare document to 
those already existing which concern a vast variety of pathologic foci 
found 111 organic epilepsy It warrants being placed on record on 
account of the unusual localization and the peculiar character of the 
lesions It might also have been of interest to consider the mechanism 
of epileptic convulsions in cases of involvement of the ventricular walls 
and of the ependyma with the choroid plexuses One might also have 
been interested in considering the association, commissural and pro- 
jection pathways extending from the stimulated or iiritated surface to 
the motor cells of the cortex, which, in the last analysis, are the province 
of the discharge of motor power resulting in convulsive seizures 
Finally, it might have been of interest to be leminded of the experi- 
mental work done in that direction But the object of the piesent 
contribution is not to show the physiologic or the clinical aspect of the 
problem of so-called functional or organic cases of epilepsy, but to 
present exclusiveljr a pathologic document of an uncommon involve- 
ment of the contents of cerebral ventricles to the exclusion of any othei 
lesion m the brain 

3 Gordon, A Hydrocephalus with Cessation of Persistent Epileptic Con- 
vulsion after Puncture of the Lateral Ventricles, J A M A 88 1234 (April 16) 
1927 



MOTILITY OF THE RECTUM IN NORMAL AND 
IN CONSTIPATED SUBJECTS =< 


L E HINES, MD 
H C LUETH, MS 

AND 

A C IVY, MD 

CHICAGO 

Operative experiments on laboiatoiy animals and loentgen studies 
on man have yielded most of the kno-wledge concerning the muscular 
activity of the colon The information obtained with the roentgen rays 
IS limited because only gioss changes aie levealed Opeiative experi- 
ments on animals also have some shortcomings due to inability to elicit 
subjective symptoms oi to the abnormal conditions which anesthesia and 
surgical Intel vention represent 

This IS a study of the movements of the rectum before and aftei a 
meal and further shows the symptoms pioduced by the prolonged 
piesence of a mass in the rectum A balloon inseited into the lower 
colon of man through a proctoscope and filled with watei has served as 
a medium for recording movements of the colon Although the lower 
bowl was emptied of fecal mattei before the expeiinient staited, the 
results aie interpreted as applying to a filled colon because the size and 
shape of the balloon aie not unlike a formed fecal mass 

METHODS 

Twenty-one medical students who had healthy bowel action and twelve patients 
from the clinic who were constipated and users of cathartics were the subjects 
All experiments were started shortly after the subject had defecated normally or 
as the result of an enema All records were made while the subject was lying on 
his right side A toy balloon measuring about 12 by 2 5 cm , tightly fastened to 
rubber tubing, was well greased with petrolatum and inserted into the lower 
sigmoid and rectum through a proctoscope Long tissue forceps were used to hold 
the balloon in place while the proctoscope was being withdrawn, 150 cc of water 
warmed to 38 C was forced into the balloon The pressure was measured with a 
mercury manometer (m about half of the experiments) Then the tubing from the 
balloon was connected with a water manometer placed on a shelf about 5 feet 
(1 5 meters) above the level of the subject Tracings were made on a slowly moving 
drum for periods of at least thirty minutes before and after the subject ate Sixteen 
subjects carried the balloon all day (from six to twelve hours) and were instructed 
to note especially the occurrence of symptoms such as headache, malaise or mental 
haziness 


'■ Submitted for publication, March 5, 1929 
* Aided by a grant from the Fenger Memorial Fund 

'■ From the Departments of Physiology and Internal Medicine of Northwestern 
University Medical School 
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RESULTS 

The intiacolonic piessure in millimeteis of meicury was measured 
in ten normal and four constipated subjects As shown in the tables, 
the presstiie varied fioin 11 to 21 mm The aveiage was between 17 
and 20 mm (Ten of the fourteen leadings weie in this range) There 



& 
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Fig 1 (subject C R ) — Steep contractions which occurred before and after 
eating in normal subject A indicates before a meal and B, after a meal 

was no appieciable diffeience m the pressure of the two groups (con- 
stipated and noimal) 

The sensation produced after the balloon was filled with water 
varied as to degree, but in all there was an immediate sensation of 
fulness accompanied by a desire to defecate Usually, after a few 



Fig 2 (subject E W ) — Tonus rh 5 'thm which occurs before and after eating 
in constipated subject No steep contractions occurred A indicates before a meal 
and B, after a meal 
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minutes, the sensation lessened or disappeared Howevei, in all of the 
normal group painful “urges” developed These painful sensations 
lasted only a few seconds and generally became moie frequent and 
severe as time went on The most painful sensations were experienced 
by the sixteen who carried the balloon all day The pain of one was 
so severe that he was unable to retain the balloon more than two 
houis A signal magnet was used to record painful sensations while 
tracings were being made 




N 
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Fig 4 — Record of same subject shown in figure 3, showing steep contractions 
after eating 


Aftei the balloon had been in place several houis, all subjects com- 
plained of a tight sensation in the hamstiing group of muscles which 
some described as an ache One complained of pain along the course 
of the left sciatic nerve After the removal of the balloon, many had 
the sensation of “walking, on an ” 

No symptom characteristic of the autointoxication syndioine was 
pioduced, even in those who carried the balloon for long periods 
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The tiacings show two types of conti actions slow, slight, rhythmic 
elevations (a tonus ihythm) and steep contractions A tonus ihythm 
was piesent in all of the noimal group and in ten out of twelve of the 
constipated group The steep contractions weie piesent in all of the 
noimal group but m only four of the constipated gioup In five, 
steep conti actions occuired only aftei meals The painful uige was 


Table 1 — Suvimaiy of Tiacings m Gioiip zoith Noimal Bozuel Action 



Painful 

Tonus 

Steep Con- 

Painful 

Tonus 

steep Con- 

Pressure m 

Subject 

Urge 

Rhythm 

tractions 

Urge 

Rhythm 

tractions 

Mm ofHg 

T A' 

Slight 

+ 

0 

Moderate 

+ 

-L + 


T A 

0 

4* 

0 

0 

+ 

+ ? 


jM E 

0 

+ 

0 

Marked 

i- 

+4- 


L E 

Moderate 

+ 

-h-f- 

Maiked 

+ 

4-4- 


G U 

Marled 

+ 

++-1-4- 

Marked 

-1- 

4- 4- 4- 4- 


C R 

Marked 

+ 

-h-i-H- 

Marked 


4- 4- 4- 4- 


B V 

0 

+ 

-1- 

0 

+ 

4- 


W A 

Slight 

+ 

-f-t- 

Slight 

+ 

4“ 4“ 4“ 

16 

S I 

0 

+ 

+++ 

0 

4- 

4-4- 


B El 

0 

+ 

+ 

Moderate 

+ 

4- 

17 

S A 

Ro determination 

Moderate 

+ 



C H 

No determination 

Marked 

+ 

4- f 

IS 

P 0 

Slight 

+ 

++ + 

Slight 

+ 

4*4*4“ 

22 

H 0 

0 

+ 

-t- 

Marked 

4“ 


17 

H E 

Marked 

+ 

+ + + 

Moderate 

4“ 

4- 4“ 

21 

L A 

Marked 

+ 

-1-1-1-4- 

Marked 

+ 

4*4*4- 

18 

A D 

Marked 

+ 

++-1-}- 

Marked 

4“ 

4"'+*4’“t“ 

IS 

C E 

Slight 

+ 

4*4“ 

Marked 

4“ 

4*"+"4“ 


C A 

0 

+ 

4“ 4* 

Shght 


4-4- 

15 

C An 

Slight 

+ 

0 

Moderate 

-t- 

4- 

19 

B Ehr 

0 


++ 

Slight 

4- 

-t*4* 

18 


Table 2 — Snniniaiy of Tiaemgs m Gioitp JVIio Weie 

Constipated 


Painful 

Tonus 

steep Con- 

Painful 

Tonus 

Steep Con- 

Pressure in 

Subject 

Urge 

Rlij thm 

tractions 

Urge 

Rhjthm 

tractions 

Mm of Hg 

r w 

0 

4- 

0 

0 

4- 

0 


J N 

0 

4- 

0 

0 

4- 

0 


J B 

0 

4- 

0 

0 

4- 

4- 


J N 

0 

4- 


0 

4- 

4- 


C G 

0 

4- 

0 

0 

4- 

0 


C P 

0 

4- 

0 

0 

4- 

0 


N S 

Slight 

4- 


Slight 

4- 

*f 


C P 

0 

4- 

0 

0 

4- 

4-? 


M B 

0 

0 

0 

0 

0 

0 

18 

E M 

0 

0 

0 

0 

0 

0 

18 

V C 

0 

4- 

0 

0 

4- 

0 

11 

K H 

0 

4- 

0 

0 

4- 

0 

12 

always 

associated with 

a steep conti action 

wave and was 

usually 


synchronous with it Many of the steeper waves, howevei, were not 


accompanied by painful sensations 

COMMENT 

Welch and Plant ^ have lecently studied the activity of the colon 
in dogs by inserting balloons filled with water into the colon through 
permanent fistulas They have demonstiated ii regularly lecuriing 

t 

1 Welch, P B, and Plant, OH A Graphic Study of the Muscular 
Activity of the Colon, Am J M Sc 172 261 (Aug ) 1926 
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changes of tonus usually with superimposed contractions and in three 
experiments on human beings have shown similar activity in the lower 
colon The} demonstrated increased muscular activity after eating when 
the colon was full and refer to this as a feeding reflex Our experiments 
on a larger series of human beings have confirmed the presence of two 
types of activity in the normal colon, and this is interpreted as applying 
to a filled colon because the balloon is the equivalent of a fecal mass 
Comparative studies on constipated and normal subjects have shown 
that steep contractions and a synchronous painful urge are infrequent in 
the constipated group This seems to indicate that the threshold for 
sensation in the constipated man is raised It also seems likely that 
the steep contraction is one of the involuntary aids to the act of defeca- 
tion and occurs infrequently in those who are constipated 

In five experiments, the steep contraction did not occur until food 
had been taken This might be taken as evidence of a gastrocolic reflex 
In the constipated group neither painful urges nor increased activity 
was demonstrated after eating 

Alvarez ^ expressed the belief that the symptoms of so-called auto- 
intoxication, such as headache, malaise, dopiness and mental haziness 
which commonly are present m constipated people, are due to the 
mechanical distention of the lower colon by the fecal mass He produced 
such S3'mptoms by stuffing the rectum with cotton Our studies do not 
support his contention 

SUMMARY 

Tonus rhythm and steep contractions aie normal movements of the 
filled lower colon of man 

A balloon shaped like a fecal mass in the lower colon of man pro- 
duces symptoms described as a painful uige but does not produce 
symptoms like those ascribed to autointoxication 

Painful urges are synchronous with steep conti actions In some 
experiments there is increased activity aftei eating (gastro-cohc reflex) 
Patients who are constipated and have the habit of taking cathartics 
do not complain of painful sensations while the balloon is in the colon 
and have infrequent steep contractions 


2 Alvarez, W C Intestinal Autointoxication, Physiol, Rev 4 352, 1924 



Book Reviews 


The Climacteric (The Critical Age) By Gregorio Maranon, Professor 
of Medical Pathology m the Madrid General Hospital, Member of the Royal 
National Academy of Medicine Translated by K S Stevens Edited by 
Carey Culbertson, M D Price, $6 50 Pp 425, including index and 18 illus- 
trations St Louis C V Mosbj' Company, 1929 

The first five chapters deal with the alleged pluriglandular factors in the 
menopause symptoms the ovarian factors, the thyroid factors, the hypophysial 
factors and the suprarenal factors There is a chapter on the vegetative nervous 
s}’^stem during the menopause There are eleven chapters describing the symptoms 
in relation to the menopause, and in addition three chapters dealing with the 
psjxhic S}'mptoms In these chapters the author touches on nearly every variety 
of disease that may occur during the menopause There is one chapter on the 
climacteric of the male and two chapters on the therapy of climacteric symptoms 
m the female 

Dr Maranon is a facile and prolific writer in the field of the endoermes 
Unfortunatel}’’, he is not a critical one He tells one m the preface that “all 
the theorj' m the book is based on the present knowledge of the internal secretions 
much of which does not go be 3 ’’ond mere hypotheses Yet we have profited by 
them in our work ” 1 his profiting bj"- endocrine hypotheses appears in accepting 

practicallj all of them as proved facts, and on that basis building up a hypothetic 
diagnosis and therapy Almost anj' disease known to man may, of course, appear 
as an incident during the period of the menopause Because of the frequency 
of nervousness and neurocirculatory disturbances in the menopause, Maranon 
concludes that there is a condition of h 3 '^perthyroidisin and hypersuprarenalemia 
nearly always present In fact, one is told categorically that “independent of the 
size of the th 3 Toid gland castration creates, if not actually active h 3 'perthyroidism, 
at least a hyperthyroid predisposition ” Part of the menopause symptoms are said 
to be due to an excess secretion of epinephrine In addition, the author puts great 
emphasis on “constitution or temperament” in the etiology of the disorders of the 
climacteric The ease with which the author obtains evidence for his views may 
be indicated by a few examples 

“Let us consider the differences between the inhabitants of northern and 
southern Spam Those of the northern are of vigorous athletic type , they are 
frequently fair, blue-eyed and of even temperament On the contrary, the inhabi- 
tants of southern Spam are thin and swarthy Their e 3 '^es are dark and their 
teeth magnificent They are restless and superficial Nothing can better explain 
the contrast between these two groups than their different thyroid constitutions ” 
One IS further told that “during the critical involution period the other endocrine 
glands react anatomically and functionally thus compensating the insufficiency of 
the failing ovary This reaction is determined by temperament ” “If a woman 
exhibits signs of a hypersuprarenal temperament, in the menopausal crisis those 
phenomena which we have given as probably dependent on hypersuprarenalism 
will predominate This temperament is, like the hyperth 3 ’'roid, very frequent ” 

Maranon (p 103) lists among other factors which influence the chronologic 
climacteric “the color of the hair ” One is further told that “very dark women 
are almost always hyperthyroid, hyperpituitary and hyperovarian ” Evidence for 
this statement is cited from a novelist, Becquer In fact, illustrative material is 
cited almost as frequently from novels as from the medical and scientific literature 
or the author’s own practice For example, the case of Sarah, the wife of Abraham, 
IS referred to as “the oldest known case of post-climacteric conception In 
connection with the hair (p 127) “sexual impulse causes curled hair, in both 
men and women, especially in certain mentalities of elemental sexuality and little 
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delicacy” While criticizing the freudian school in certain aspects, the author at 
times seems to outdo even the freudians For example, one is told “man’s social 
status has a sex value His business and professional success is a means of sexual 
attraction ” 

In the chapters dealing with the general etiology of menopause symptoms, the 
author is hypothetic and verbose The actual descriptions of the symptoms are 
diffuse and contains too much duplication, but the poor quality of the book is 
probably best indicated in the chapters on the treatment of climacteric symptoms 
He recommends ovarian therapy bj^ mouth, and states that “the results of ovarian 
therapy in the climacteric are excellent m general ” As treatment for the alleged 
hyperthyroidism of menopause he recommends the defunct “antithyroid serum ” 
The reviewer wonders where the author and the American editor have been the 
last twenty years As general therapy for menstrual disturbances of the climacteric, 
the author recommends the following regimen “1 Subject the patient to rest 
and institute general care of the uterine hemorrhages 2 Administer the usual 
classic remedies proper in these cases such as ergot, hydrastis, hamamesis, etc 
3 Add, as a regulator of the ovarian function a discrete dose of ovarian extract ” 
Such procedures will give no information on the influence of ovarian extracts 

“The ovarian extracts, total or partial, have a positive hypotensive effect The 
existence of hypertension is therefore an indication for intensifjing ovarian therapy” 
In cases of cardiac insufficiency during the climacteric he recommends the use of 
“whole ovarian extracts in vigorous doses ” In asthenia of the climacteric one is 
told that “ovarian treatment is of indubitable usefulness ” Pruritus is said to 
“respond perfectly to ovarian opotherapy” Obesity during the climacteric also 
“yields well to ovarian opotherapy ” And finally, in the paragraph on the therapy 
of masculine climacteric, the author says that he has “employed ovarian extracts 
in men with good results ” 

Contrast this endocrine euphoria of Dr Maranon with sober clinical conclu- 
sions of Dr Novak (Glandular Therapy, American Medical Association, 1925) 
“rational as ovarian therapy appears to be m some conditions, the results are rarely 
striking and often ml, to the level-headed observer It cannot be assumed that 
a commercial extract can replace the normal o\arian secretion in the patient’s 
body, or, for that matter, that it originally contains any of the active hormones 
of the ovary Here lies the crux of the whole problem, whose solution will 
depend m large measure on the work of the biochemist Until this day, the 
physician who uses ovarian therapy should keep his feet on the ground and not 
let himself be carried away by the exaggerated claims of those who have some- 
thing to sell, or the ill advised and premature reports of honest but deluded 
professional colleagues who have not yet learned the dangers lurking m the ‘post 
hoc propter hoc’ method of reasoning” 

This monograph of Maranon advances neither medical science nor medical 
practice It is amusing and easy reading if the busy practitioner is willing to 
wade through reams of verbosity and waste much time in hunting down the old 
and established facts m a jungle of fiction 
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DISEASES OF THE LIVER 

VIII THE VARIOUS TYPES OF SYPHILIS OF TPIE LIVER WITH 
REFERENCE TO TESTS FOR HEPATIC FUNCTION ■' 

PAUL A O’LEARY, MD 
CA.RL H GREENE, MD 

AND 

LEONARD G ROWNTREE, MD 

ROCHESTIR, MINN 

The piotean natuie of syphilis is nowheie beltei illustiated than 
by a consideration of its visceral manifestations, in fact, the lecognition 
of visceial syphilis by clinical means alone is often difficult if not 
impossible In consequence, great emphasis has been placed on those 
laboiatory procedures which are of assistance in showing the presence 
of syphilitic infection 

Although seiologic tests are of great value in the recognition of 
visceial syphilis, they do not tell which organ is involved, oi the degree 
of injury pioduced by the syphilitic piocess Such infoimation, on the 
other hand, would be of inestimable value in diagnosis, prognosis and 
tieatment Pai ticulai 1}^ is this true in cases of syphilis of the liver 
Additional diagnostic measuies are desiiable, and the lecent inteiest 
in tests for hepatic function is evidence of the need for such information 

Recent studies of the physiologic activities of the livei have served 
to emphasize its manifold functions Many of them aie but imperfectly 
undei stood as yet A test has not been devised foi estimating the sum of 
the various activities of this oigan It is not suipiising, then, that theie 
have been gieat differences of opinion regaiding the clinical value of 
the various proposed tests of hepatic function We wish to repoit our 
experiences with ceitain of these tests in the study of syphilitic disease 
of the liver and our observations regaiding then behavior in patients 
without a previous history of disease of the liver, in whom hepatic 
complications developed following treatment for syphilis 

We have studied moie than 100 cases of syphilis complicated by 
various forms of hepatic disease In many it has been possible to make 
repeated studies ovei periods vaiying from six months to six yeais 

* Submitted for publication, Feb 11, 1929 

'’'From the Section on Dermatology and Syphilology and the Division of 
Medicine, the Mayo Clinic and the Mayo Foundation 
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The diagnosis has been made, for the most part, on the basis of clinical 
impiessions and the effect of therapeutic tests In some cases, lapa- 
rotomy or necropsy has permitted of a positive pathologic diagnosis 
It IS obviously impossible to present so varied a mass of material 
without careful consideration of the clinical features of the disease 
as well as of the different laboiatory tests Syphilis of the liver, in its 
clinical manifestations at least, is not a common complication of syphilis 
During the last ten years, 171 patients with various foims of hepatic 
syphilis have been seen in the Mayo Clinic This gives an incidence 
of approximately one in 2,000 medical and suigical admissions Esti- 
mated with relation to syphilis, hepatic complications of one form or 
anothei are to be observed in less than 1 per cent of the syphilitic 
patients in the Mayo Clinic The incidence of hepatic syphilis is prob- 
ably greater than these figures indicate, as evidenced by the finding of 
previously unrecognized syphilitic lesions in the liver at necropsy, and 
also by the frequency with which dormant hepatic syphilis becomes 
symptomatic during or following antisyphihtic treatment McCrae ^ 
reported an incidence of hepatic syphilis of 0 2 per cent recognized 
clinically, and 1 5 per cent found at necropsy It appears that approxi- 
mately 2 per cent of syphilitic patients under treatment will develop one 
or more manifestations of hepatic complication Various estimates of 
the serologic data show that in approximately 90 per cent of the patients 
with hepatic syphilis the Wassermann reaction of the blood is positive 
The following classification of syphilitic disease of the liver, 
modified from that suggested by Stokes,* has been used m this study 

Acute Syphilis 

1 Hepatitis of acute syphilis (benign) 

2 Acute yellow atrophy (severe) 

Late Syphilis 

1 Asymptomatic 

2 Diffuse hepatitis of late syphilis 

3 Gummatous hepatitis (hepar lobatum) 

4 Chronic hepatitis or syphilitic cirrhosis 

(a) Chronic hepatitis with jaundice (biliary cirrhosis) 

(ft) Chronic hepatitis with ascites (portal cirrhosis) 

Hepatic Complications of Treatment for Syphilis 

1 Postarsphenamme jaundice (arsenical or infectious) 

2 Icterus gravis or acute yellow atrophy of the liver 

3 Hepatorecurrence and Herxheimer effect m the liver 

4 Treatment cirrhosis 

5 Jaundice associated with malarial inoculation 

1 McCrae, Thomas Tertiary Syphilis of the Liver, Am J M Sc 164 625, 

1912 

2 Stokes, J H Modern Clinical Syphilology, Philadelphia, W B Saunders 
Company, 1926, p 1144 
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In this study we piesent a lecoid of oui peisonal expeiience and 
opinion lathei than a detailed discussion of the clinical and pathologic 
featuies of these vaiious types of hepatic syphilis The details must be 
sought in the wiitmgs of Lanceieaux,’ Fouiniei/ Osier, “ Hutchinson,® 
Rolleston,^ McCiae,® Stokes," Wile® and otheis Instead, we piesent 
a summaiy of the essential clinical features of the difieient conditions, 
togethei with abstiacts of the histones of illustiative cases The 
complete laboiatoiy data aie given in the accompanying tables 

This study was staited six yeais ago, and the majoiity of the tests 
consideied of value in estimating hepatic function since that time have 
been utilized In the beginning, emphasis was placed on the fiuctose 
toleiance test, the nitiogen paitition in the blood, the deteimination of 
the seiuni bihiubin content and the phenoltetiachloiphthalein test 
Latei, the hi omsulphalem test and the deteimination of the bile acids 
in the blood were added The technic of these vaiious tests alieady 
has been lepoited in detail although we have slightly modified the 
hi omsulphalem test Rosenthal and White lecommended the injection 
of 2 mg of hi omsulphalem to each kilogiam of body weight We have 
found a dose of 5 mg foi each kilogiam moie satisfactoiy in loutine 
use Succeeding blood samples aie then taken fifteen, thiity and sixty 
minutes aftei the injection of the dye A positive Wasseimann leaction, 
the Kolmei technic being used, was obtained in eithei the blood oi the 
spinal fluid in all cases included in the study In consequence, specific 
notation of this test has been omitted fiom the tables 

3 Lancereaux, Etienne A Treatise on Syphilis, Historical and Practical, 
London, New Sydenham Society, 1868-1869 

4 Fournier, Jean-Alfred The Treatment of Syphilis, New York, Rebman 
Company, 1906, p 219 

5 Osier, William , Churchman, J W , and Conner, L A Syphilis, in 
Osier, William, and McCrae, Thomas Modern Medicine, ed 3, Philadelphia, 
Lea & Febiger, 1925, p 389 Osier, William, and Gibson, A G Visceral Syphilis, 
in D’Arcy, Power , and Murphy, J K A System of Syphilis, London, Oxford 
University Press, 1914, vol 3, p 1 

6 Hutchinson, Jonathan Syphilis, London, Cassell & Company, 1901, p 532 

7 Rolleston, H D , and McNee, J W Diseases of the Liver, Gall-Bladder 
and Bile Ducts, ed 3, New York, The Macmillan Company, 1929, p 884 

8 McCrae, Thomas, and Caven, W R Tertiary Syphilis of the Liver, Tr 
A Am Phys 41 168, 1926 

9 Wile, U J Syphilis of the Liver, Arch Dermat & Syph 1 139 (Feb ) 

1920 

10 Greene, C H , Snell, A M , and Walters, Waltman Diseases of the Liver 
I A Survey of Tests for Flepatic Function, Arch Int Med 36 248 (Aug) 1925 

11 Aldrich, Martha, and Bledsoe, Mary Sue Studies m the Metabolism of 
the Bile I A Quantitative Pettenkofer Test Applicable to the Determination of 
Bile Acids in the Blood, J Biol Chem 77 519, 1928 

12 Rosenthal, S M , and White, E C Clinical Application of the Brom- 
sulphalein Test for Hepatic Function, J A M A 84 1112 (A.pril 14) 1925 
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SYPHILIS WITHOUT APPARENT INVOLVEMENT OP THE LIVER 

In the course of this stud}'^ we tried the various tests for hepatic 
function 111 a number of patients with syphilis in whom there was no 
involvement of the liver Many of these patients had late syphilis of 
the cential nervous system oi of the cardiovascular system They did 
not present symptoms refeiable to the liver, and there was no enlarge- 
ment 01 other evidence of hepatic involvement In a few, exploratory 
laparotomy had been performed, at which time the liver appeared to be 
normal This series served as a control, and normal results were 
obtained throughout (table 1) The seium bilirubin content varied 
between 0 1 and 1 5 mg , and an indirect van den Bergh i eaction was 
obtained The phenoltetrachlorphthalein reading vaiied between 3 and 
9 per cent in the one hour sample, and the bromsulphalem between 0 
and 8 per cent in the half hour sample The Pettenlcofei reaction gave 
a value foi the hile acids between 4 and 5 2 mg These values cor- 
respond well with the usually accepted range foi the normal 

HEPATITIS or ACUTE SYPHILIS 

The diffuse hepatitis of acute syphilis is a rare complication of the 
disease Wile and Karshner,^^ who reviewed this subject, called atten- 
tion to the fact that it appears in two forms the mild type associated 
with jaundice, malaise and enlaiged liver appearing simultaneously with 
the secondary eiuptions, and the seveie type which, as a lule, pi ogresses 
to acute yellow atrophy and death The presence of the clinical evidence 
of acute syphilis, together with jaundice and its attendant symptoms, lead 
to the presumptive diagnosis We are able to report the case of a patient 
in whom a moderate degree of hepatitis developed in connection with 
the appearance of mucous patches and a maculopapular syphilid and in 
whom the jaundice promptly disappeared following judicious anti- 
syphihtic treatment 

Case 31 (table 2) — A hair-dresser, aged 21, acquired a chancre in November, 
1927 Four weeks later, a florid, papular, secondary eruption developed Jaun- 
dice appeared a few days later She came to the clinic on Dec 28, 1927, three 
weeks after the onset of the jaundice 

At the time of examination the patient had an acute, papular, secondary rash 
and mucous patches (condyloma latum) A dark-field examination of the lesions 
was positive for the Spu ochaeta pafhda The Kolmer modification of the Was- 
sermann reaction on the blood also was positive and was graded 44“ There 


13 Wile, U J , and Karshner, R G Icterus Gravis Syphiliticus Its Rela- 
tion to Acute Yellow Atrophy, JAMA 68 1311 (May IS) 1917 

14 By this method of grading is indicated the result of a set-up of three tubes, 
of which the third is a control and the first two are read The result “44” means 
that in the first tube, which contained 0 1 cc of patient’s serum, and also m the 
second tube, which contained 0 05 cc of patient’s serum, the result was 
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was a moderate degree of jaundice, and the serum bilirubin was 7 9 mg in each 
100 cc The patient was given a course of mercury rubs This was followed 
by rapid fading of the jaundice and coincident disappearance of the lesions of the 
skin The serum bilirubin content dropped to normal by Jan 12, 1928 There- 
after the patient remained well 

The laboratory tests showed a chaiacteiistic curve of recovery The 
serum bilirubin, which was model ately increased, rapidly leturned to 
normal A direct van den Bergh reaction was present at first, and this 
peisisted foi a considerable period aftei the serum bilirubin had retuined 
to the normal level Theie was no increase in the bile acids The 
bromsulphalem test showed marked retention of d}e during the period 
of jaundice This returned to normal more slowly than did the serum 
bilirubin The final examination, eight months after the onset of the 
icteius, showed normal responses to all tests 


Table 2 (case 31) — Pi ogress tii an Illusfi ative Case of Hc/iafifts of Acute 

Syphilis 



Blood 

Serum 


Bile 




Urea, 

Bilirubin, 

Van den 

Acids, 

Bromsulphalem Test, 


Mg for 

Mg for 

Bergh 

Mg for 

Dye m Serum, per Cent 


Faeh 

Lach 

Direct 

Each 100 Cc 

, ^ 


Date 

100 Cc 

100 Cc 

Reaction 

of Blood 

15 Minutes 30 Minutes 00 Minutes 

12/29 '27 

14 

79 

-t- 

51 

04 

04 

1/ 3/27 


4 4 

+ 




1/12/28 

23 

10 

+ 

40 

30 

20 

1/23/28 

le 

08 

+ 

4 8 

12 

10 

2/ 4/28 


02 

+ 

4 4 

4 

2 

2/21/28 

25 

01 

+ 


0 

2 

7/23/28 

25 

02 

0 


4 

4 


DIFFUSE HEPATITIS OF LATE SYPHILIS 

The hepatic complications associated with secondary syphilis present 
a fairl}^ uniform clinical picture The hepatitis of late syphilis is variable, 
but Wile called attention to the point that the various clinical mani- 
festations of late hepatic syphilis are due to different phases in the 
evolution of the morbid process Our experience confirms this view 
From a clinical point of view, late hepatic syphilis may be classified into 
two groups hepatitis, the active process, which may be diffuse, gumma- 
tous or of mixed charactei, and cirrhosis, the end-iesult All degrees 
and modifications or combinations may be present, the symptoms depend- 
ing on the extent and degree of localization of the destruction of hepatic 
tissue 

The clinical syndrome of diffuse sj'^philitic hepatitis is identical with 
that of the nonsyphihtic forms of hepatitis which are caused by mfec- 

15 Wile, U J Two Unusual Phases of Hepatic Sj^philis, Arch Dermat & 
Sjph 1 656 (June) 1920, The Treatment of the Sj^philitic Liver and Heart A 
Therapeutic Paradox, Am J M Sc 164 415, 1922 



O’LEARY ET AL— DISEASES OF LIVER 


161 


tious, chemical or toxic agents Hence, it is essential that collateral 
evidences of syphilis be demonstrated before it is assumed that the 
hepatic disease is of syphilitic origin Recently, both Stokes and McCrae 
discussed the symptoms of hepatic syphilis , but only in the gummatous 
type do the clinical data indicate the syphilitic nature of the condition 
In certain instances, prolonged periods of observation and treatment 
are necessary to permit of etiologic deductions , in others, the postmortem 
examination alone furnishes a basis for a final conclusion 

The diffuse form of hepatitis makes a most favoiable response to 
treatment with mercur}^ and potassium iodide The use of mercury by 
mouth in small doses, a form of tieatment now used by syphilologists 
only when stimulative effects are desired, is an advantageous way in 
which to start antisyphihtic treatment in these patients This may be 
augmented m a few weeks by inunction, or by the intramuscular injection 
of a soluble mercurial salt This mild form of treatment permits of a 
slow and gradual replacement fibrosis in the liver , at the same time, it 
allows full opportunity for the establishment of collateral circulation 
of the blood Under such circumstances the use of the arsphenammes 
is contraindicated, a point noted by others The injudicious administra- 
tion of arsenical preparations in this type of case may lead to the rapid 
production of portal cirrhosis and marked hepatic insufficiency The 
characteristics of the whole group may be seen in table 3 The following 
case is an example of this type of diffuse hepatitis 

Case 38 (table 3) — The patient came to the clinic m June, 1923, because of 
a history of gallstone colic At admission he was found to have a slightly 
enlarged liver, and roentgenograms of the gallbladder showed the presence of 
stones At the same time, the Wassermann reaction of the blood was positive 
He received a course of antisyphihtic treatment consisting of six intravenous 
injections of arsphenamine, a total of 2 8 Gm , and twenty-nine intramuscular 
injections of succinimide of mercury of % grain (0 0108 Gm ) each At the 
end of this course of treatment the edge of the liver was still readily palpable and 
extended one fingerbreadth below the costal border 

The patient was operated on on August 9, because of severe gallstone colic which 
developed during the course of the antisyphihtic treatment At the operation, 
gallstones were found, in addition to diffuse hepatitis which the surgeon reported 
as probably syphilitic in nature 

Following an uneventful convalescence the patient was sent home, but he 
returned again in November, 1923, for further treatment Bile was found in the 
urine at this time During November and December he received six intravenous 
injections of arsphenamine for a total of 2 1 Gm and six intramuscular injections 
of 1 gram (0 065 Gm ) each of an insoluble mercurial salt In March, 1924, he 
reported that marked jaundice had developed The jaundice persisted until the 
time of his return in May Six duodenal lavages gave a fair return of bile but 
only slight symptomatic relief It was believed that syphilitic hepatitis \\as the 
cause of his difficulty, and he was given twenty intramuscular injections of suc- 
cinimide of mercury of % grain (0 0108 Gm ) each in conjunction with potas- 
sium iodide The icterus disappeared Following an interval of six months he 
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took forty mercurial inunctions During Julj and September, -while at home, the 
patient had t-wo attacks of jaundice, each lasted about a month, and both subsided 
following a course of mercury intramuscularly Since June, 1925, frequent exam- 
inations, m conjunction with the use of mercurial inunctions and potassium iodide, 
have maintained good health 

The functional tests are recorded in table 3 
When the patient was seen m Maj^ 1924, the serum bilirubin content was ele- 
1 ated, 9 7 mg in each 100 cc , and there was a direct \ an den Bergh reaction 
The serum bilirubin decreased rapidlj as the jaundice cleared When the patient 
was seen m November, 1924, the serum bilirubin was normal and it has remained 
so The direct van den Bergh reaction persisted for a considerable period after 
the serum bilirubin had returned to normal, but eventualty it was replaced by the 
indirect reaction The phenoltetrachloiphthalein test showed a marked retention 
of dye during the period of jaundice This slowdj decreased, and a normal 
reaction w'as found in June, 1925 A bromsulphalein test in January, 1927, like- 
Avise gave a negatne reaction A negative reaction was obtained in the fructose 
tolerance test during the period when the patient w'as still jaundiced 

This patient had syphilitic hepatitis in addition to the gallstones He 
was treated with arsphenainme and mercury, following which jaundice 
and clinical signs of mild hepatitis developed Under the continued use 
of mercury and potassium iodide he responded favorably, from both 
the clinical and the laboratory standpoint Observation over a period of 
five years wai rants a diagnosis of diftuse syphilitic hepatitis 

GUMMATOUS HEPATITIS (HEPAR LOBATUM) 

Gummatous invohement of the liver, especially when it takes the 
form of a typical hepar lobatum (table 4), offers the most readily 
diagnosed clinical picture of hepatic syphilis and the one most frequently 
suspected from clinical observations Carcinoma, abscess, cystic disease, 
simple hypertiophy, cholelithiasis and splenomegaly at times offer 
difficult differential problems In such cases, a final diagnosis must be 
made in part by exclusion and in part by the aid of the various laboratory 
tests available When the patient has miliary gummas which do not 
enlarge the liver sufficiently to make it palpable, clinical differentiation 
IS much more difficult than when a nodular or botryoid liver is present 
Clinical differentiation of diffuse syphilitic hepatitis and miliary gummas 
may be impossible Similarly, patients with gummatous livers, as a 
rule, have also varying degrees of diffuse scarring or cirrhosis When 
ascites develops in such cases the differential diagnosis of gummatous 
hepatitis and portal cirrhosis may be exceeding^ difficult Treatment, as 
m diffuse syphilitic hepatitis, should be mild and the response to mercury 
and iodides is excellent The following case demonstrates the value of 
such treatment The arsphenamines alone are not indicated in the 
treatment for this form of hepatic syphilis When other complications 
demand their use, it must be recognized that unusual circumstances are 
present, and corresponding care must be taken 
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Case 52 (table 4) — The patient came to the clinic in September, 1924, com- 
plaining of soreness in the right upper quadrant of the abdomen and gave a 
history that during the last four years he had had frequent attacks of pain in 
the upper part of the right side of the abdomen, with soreness and tenderness 
on pressure m the region of the liver Even a deep breath would cause discom- 
fort Gastro-intestmal upset or loss of appetite had not been noted, and there 
was not any history of chills, fever or jaundice He had lost about 10 pounds 
(4 5 Kg ) in weight 

General examination showed the edge of the liver to be 5 cm below the costal 
margin, with palpable irregular nodules on the border The spleen apparently 
was not enlarged The Wassermann reaction of the blood was strongly positive, 
and results of examination of the spinal fluid were negative The patient did 
not receive arsphenamine at any time, the treatment consisted solely of mercurial 
inunctions and iodides The subcostal mass rapidly disappeared under treatment, 
and the patient now weighs more than his previous maximal weight and is in 
good general condition 

This case demonstrates the value of treatment by mercurials and 
iodides m gummatous hepatitis The arsphenamines are not indicated 
in the treatment for this form of hepatic syphilis unless other complica- 
tions of syphilis demand their use, and then only under extreme 
circumstances 

In the gummatous form of disease of the liver there are numerous 
circumscribed areas of destruction of tissue of the liver, and hence more 
effort at compensation is possible than in diffuse hepatic involvement 
The frequency with which livers with gummatous involvement may 
become greatly enlarged befoie producing few and insignificant consti- 
tutional symptoms may be cited as an example of the efforts at com- 
pensation which are made by the body If judiciously treated, this group 
of patients invariably gives a highly favorable therapeutic response to 
the use of mercury and potassium iodide During treatment the serum 
bilirubin (table 4) decreased slightly in this case, but it at no time 
exceeded the usual limits of normal None of the patients with gumma 
was jaundiced, and the serum bilirubin was not increased An indirect 
van den Bergh reaction was obtained in all patients The fructose toler- 
ance test was done in two instances, with negative results The bile acids 
in the blood were not increased The phenoltetrachlorphthalem test 
showed slight retention of dye in the case cited, and there was no change 
during the course of treatment, for in the majoiity of the cases of gumma 
which were studied there was a slight retention of dye, whereas normal 
dye readings were obtained in the remainder The presence of enlarged 
nodular livers in the majority of these cases indicated the presence 
either of well developed gummas or of the scars resulting from the 
healing of such lesions With localized lesions of this type the remain- 
der of the liver may be relatively intact and free from functional 
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interference Greene, McVicar, Rowntree and Walters pointed out 
that in carcinomatous invasion of the liver the degree of abnormality m 
the various functional tests depends on the interference with activity of 
the liver as a whole Unless there is infringement of or reduction m 
the normal reserve, a localized lesion such as a metastatic nodule cannot 
be demonstrated by functional tests The same condition of affairs 
attends the demonstration of a gumma by these tests 

CHRONIC HEPATITIS 

The role played by s>phihs m the development of hepatic cirrhosis 
has been a subject of great controversy In the past, especially before 
the introduction of the Wassermann test, syphilis frequently was thought 
to be one of the chief etiologic agents in hepatic disease, and the use of 
mercur}'- and iodides m cases of cirrhosis of the liver was recommended 
almost as a routine We now recognize that there are many cases of 
cirrhosis m which there is no evidence, clinical, seiologic or pathologic, 
of the presence of syphilis, and Greene, McVicar, Snell and Rowntree 
lecentl} reported a study of various tests for hepatic function m a series 
of cases of cirrhosis m which syphilis could be excluded as an etiologic 
agent Nevertheless, cirrhosis is often met with m cases of syphilis, and 
the possibility of an etiologic relationship should not be dismissed Both 
biliary and portal types of cirrhosis occur 

CHRONIC HEPATITIS WITH JAUNDICE (BILIARY CIRRHOSIS) 

In the discussion of the different forms of hepatic cirrhosis m 
nonsyphihtic cases the close relationship between cases of subacute 
hepatitis with jaundice and those of biliary cirrhosis without obstruction 
to the biliary passages was pointed out The same relationship is to be 
observed m the syphilitic patient We have distinguished the diffuse 
hepatitis of late syphilis from biliary cirrhosis of apparently syphilitic 
origin but recognize that the distinction probably is one of degree and 
stage of imolvement and so is not clearly defined Jaundice, frequently 
intermittent m type, malaise, loss of weight, diffuse enlargement of the 
liver and increase m the serum bilirubin with dye retention are charac- 
teristic features of both Obviously when the condition has been so 
severe and of such duration as to permit of a diagnosis of cirrhosis, the 
prognosis is correspondingly more serious Care is necessary m the 
institution of therapeutic measures Treatment should be mild and 

16 Greene, C H , McVicar, C S , Rowntree, L A , and Walters, W Dis- 
eases of the Liver IV Functional Tests in Cases of Carcinoma of the Liver 
and Biliary Tract, Arch Int Med 36 542 (Oct ) 1925 

17 Greene, C H , McVicar, C S , Snell, A M, and Rowntree, L G Dis- 
eases of the Liver VI A Comparative Study of Certain Tests for Hepatic 
Function m Cases of Cirrhosis of the Liver, Arch Int Med 40 159 (Aug) 1927 
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should be given cautiously to avoid too lapid fibrosis with consequent 
aggiavation of the ciiihosis The case leported is one of biliary cir- 
ihosis in which it was possible to follow the whole course of development 
of this condition 

Case 60 (table 5) — A married woman, aged 37, came to the clinic on Nov 
26. 1923, deeply jaundiced and complaining of intermittent attacks of icterus for 
the preceding seventeen months She gave a history of varying degrees of pain 
in the right upper abdominal quadrant, associated with clay-colored stools, dark 
urine, generalized pruritus and nausea She had had six; attacks of from two 
to three weeks’ duration She lost 14 pounds (6 4 Kg) m seventeen months 
On admission the patient was markedly jaundiced The edge of the liver was 
felt 5 cm below the costal border, and the spleen was just palpable The Was- 
sermann reaction of the blood was reported strongly positive, but examination of 
the cerebrospinal fluid gave negative results Roentgenograms of the stomach 
and gallbladder were negative Mild secondary anemia also was present The 

Table S (case 60) — Piogtcss in an lUusti ative Case of Syphilitic Cinhosis 
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patient was given a month’s preparation with mercurial inunctions and potassium 
iodide, and at the end of this time six injections of neoarsphenamme for a total 
of 29 Gm were given She left the hospital on Feb 12, 1924, much improved 
and without signs of jaundice The liver was slightly reduced in size, but the 
spleen was still palpable 

On April 14, 1924, the patient returned with moderate jaundice, although she 
had not had abdominal pain since the previous visit The liver and spleen appar- 
ently were unchanged in size A further course of mercury was instituted at 
home She returned to the clinic on Aug 18, 1924, weighing 118 pounds (53 5 
Kg ) , she had gained 12 pounds (5 4 Kg ) The edge of the liver was hard and 
readily palpable There was moderate jaundice with a serum bilirubin content of 
9 2 mg m each 100 cc Six intravenous injections of neoarsphenamme for a total 
of 2 6 Gm were given in conjunction with succimmide of mercury At the end 
of this course of treatment the serum bilirubin content was reported as 42 mg 
The next period of observation was m December, 1924, at which time the patient 
looked and felt much better than on any previous visit The jaundice was some- 
what less, and the serum bilirubin content was 3 0 mg The next observation 
period was m May, 1925, when she returned slightly jaundiced Another course 
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of mercur 3 f by mouth and six small doses of neoarsphenamme, a total dosage of 
1 6 Gm , made her feel better, although there was no particular change in the 
degree of icterus The Wassermann reaction of the blood remained positive In 
September, 1925, she was still jaundiced Both the liver and the spleen seemed 
somewhat enlarged At this time she was given intramuscular injections of potas- 
sium bismuth tartrate with butyn, 0 2 Gm , once a week The icterus entirely 
disappeared following this treatment and did not reappear until April of the 
following year when it gradually returned, associated with a sense of biliousness 
The serum bilirubin content at that time was reported as 6 8 mg Several periods 
of observation since have shown the same degree of retention of the dye and 
variations of serum bilirubin Three periods of jaundice with spontaneous remis- 
sions have occurred, not associated with abdominal pain or colic Roentgeno- 
grams of the gallbladder remain negative 

The outstanding change m this six year period has been a definite 
increase in the size of the liver and the spleen, constant retention of dye 
and increase in the serum bilirubin The diagnosis was diffuse syphilitic 
hepatitis slowly progressing to the stage of hypei trophic cirrhosis 

The functional studies in this case have paralleled the clinical status 
The value of frequent and repeated tests is exemplified in table 5 When 
the patient first was seen the bilirubin was markedly elevated, and there 
was a direct van den Bergh reaction and moderate retention of phenol- 
tetrachlorphthalein Under tieatment, there was initially a return to 
normal as in the cases of diffuse syphilitic hepatitis previously discussed 
When the patient was seen m April, 1924, the retention of dye was 
proportionally much greater than the inciease in jaundice This dispro- 
portion between the two readings we believe is evidence of the permanent 
injury to the liver associated with the development of cirrhosis Since 
then there has been no significant change in the tests The bilirubin has 
remained elevated, with a direct van den Bergh reaction, and there has 
been marked retention of both phenoltetrachlorphthalein and brom- 
sulphalein 

CHRONIC HEPATITIS WITH ASCITES (PORTAL CIRRHOSIS) 

Syphilis apparently was the chief etiologic agent m the cases of portal 
cirrhosis which we report in table 6, although in a few there 
was an additional history of chronic alcoholism It is possible, too 
that syphilis, although not of itself producing portal cirrhosis, may 
render the liver more susceptible to those noxious agents ordinarily 
responsible for the development of the latter condition Finally, the 
effect of the modern intensive type of treatment for syphilis, particularly 
that with arsenical preparations, must not be overlooked as a cause of 
portal cirrhosis m such cases This question will be discussed later in 
connection with the hepatic complications of treatment Without more 
piecise knowledge regarding the etiology of cirrhosis, it is manifestly 
impossible to make a more dogmatic statement We are interested rather 
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in a stud} of the changes shoun b} the different functional tests and in 
the comparison between the changes found in the ordinar}- 1} pe of portal 
cii rhosis and the present group in which S} philis also is present 

The degree of cirrhosis present at the time the disease is recognized 
clinically may be roughh estimated b} the size of the Iner, particular!) 
if It IS small , b) the degree of ascites, it being borne in mind that ascites 
occasionally will occur earl) in the course of the cirrhosis , b) the 
presence of pain in the right upper abdominal quadrant, b) spleno- 
megah , and b) jaundice The presence of hematemesis, or blood in the 
stools is a complication to be dreaded it suggests the presence of 
varices in the esophagus In sereral of the cases in which therapeutic 
results vere highly satisfactory the patients died suddenh from ruptured 
esophageal varicosities The enlarged luer. and a slight!) enlarged 
spleen, suggest earl) cirrhotic imolvement in contrast to the small Iner 
and lai ge spleen which suggest extensn e and long standing m\ oh ement 
The treatment of a patient with such cirrhosis consists of the mild or 
tonic treatment for s)phihs, aided b) a diet with a low content of protein 
and a high content of carboh) drate, and b) paracentesis when necessar) 
Antis)phihtic medication is a secondary consideration The use of diu- 
retics, as suggested b) Rowmtree, Keith and Barrier has given 
S)mptomatic relief m advanced cases The following histor) is an 
example of such a case of portal cirrhosis of apparentl) S)phihtic origin 

Case 73 (table 6) — A man, aged 38, with a histor} of alcoholism came unoer 
our care m 1920 for treatment for earh tabes dorsalis He recened, o\er a period 
of two and a half \ears, four courses of antisyphilitic treatment consisting of 
twent}'^-four intravenous injections of arsphenamine for a total dosage of 9 7 
Gm , 200 mercurial inunctions, thirty-six intramuscular injections of succimmide 
of mercurj", % gram (0 0108 Gm ), with potassium iodide during each course of 
mercurj The clinical and serologic result w^as highh satisfactory Enlargement 
of the abdomen and edema of the ankles were noted in 1925 w'hile the patient was 
confined to a hospital elsewhere bj’- a fractured fibula and tibia Because of the 
history of syphilis, wuth previous treatment, he was given seven mtra\enous injec- 
tions of arsphenamine together wnth intramuscular injections of mercuric sahcjlate 
while he w^as convalescing from the fracture Just before dismissal from the 
hospital, abdominal paracentesis had been done, following this, he returned to 
work and did not have any abdominal discomfort for six months 

The patient returned to the clinic m September, 1925, because of recurrence 
of the ascites At that time the edge of the liver w'as 5 cm below^ the costal 
border m the nipple line, and there was a divergence of opinion as to whether the 
spleen was palpable or not He was placed on a salt-free diet, wuth a fluid intake 
limited to 600 cc in twenty-four hours, and diuresis w^as induced wuth merbaphen 
He improved considerably He did not adhere to instructions after dismissal 
from the hospital, and again began drinking on the aAerage of a quart of whisky 
a day The ascites promptlj recurred, and he returned m August, 1926, with 


18 Rowmtree, L G , Keith, N M , and Barrier, C W Novasurol in the 
Treatment of Ascites m Hepatic Disease, JAMA 85 1187 (Oct 17) 1925 
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marked ascites, the edge of the Iner just palpable at the costal border and the 
spleen markedh enlarged While under obser^atlon he bled to death from a 
ruptured esophageal larix 

Necrops} re^ealed a small luer (1,120 Gm ) and an enlarged spleen (423 Gm ) 
The Iner presented tjpical Laennec’s cirrhosis, there nere manj nodules of 
hepatic tissue with depressed areas of fibrous tissue between the nodules The 
pathologic appearance was that of topical portal cirrhosis and without an> 
features to indicate the specific etiologic agent responsible for its de^elopment 
The ruptured esophageal \aricosit}' was readiK demonstrated m addition to 
other pathologic processes which had no bearing on this discussion 

The difficult} in determining the etiologic factor from the clinical 
stndrome is emphasized by this case report, also, the fact mentioned 
elsewhere that cirrhosis of the liter is the end-result of injurt to the 
liter from tarious causes 

The laboratort determinations in this group of patients did not differ 
from those found in the series of cases of nons} phihtic cirrhosis reported 
by Greene, McVicar, Snell and Rowntree The serum bilirubin was 
normal or slightlt increased oter the level found m that series in the 
majorit} of the cases of s}pluhtic portal cirrhosis In the case cited, it 
ttas normal tthen the patient ttas first seen As his condition adtanced, 
there ttas an mciease in the serum bilirubin to a talue slightl} over the 
normal One patient with frank jaundice had corresponding!} eletated 
serum bilirubin A direct t an den Bergh reaction tvas obtained in those 
cases in tvhich the serum bilirubin ttas eletated and in some tvith a 
normal amount of pigment 

Retenbon of d}e tvas obserted in the cases of cirrhosis A normal 
response tvas noted in only one instance This tvas true of both the 
phenoltetrachlorphthalein and the bromsulphalein tests, although the 
latter possibly showed slightly greater changes With the development of 
jaundice, there ttas an increase in the degree of retention of dj-e 
Treatment in this group and in the presence or absence of ascites 
apparently tvas without effect on the excretion of d}e The tolerance 
to fructose w’-as normal m the ttvo cases studied There w as no increase 
in the bile acids m the blood The laboratory studies serve further to 
emphasize the permanent and irremediable nature of the injury to the 
liter in these cases of cirrhosis 

THE HEPATIC COMPLICATIONS OF TREATMENT FOR SYPHILIS 
POSTARSPHENAMINE JAUNDICE 

The complications that develop in the liver dunng or short!} after 
a course of antis} philitic treatment are disturbing and may be 
serious There has been considerable discussion as to tvhether these 
reactions, particular!} the jaundice, tvere the result of the toxic effects 
of arsphenamine, of mercur}" and iodides or of a secondary infectious 
agent Possibly, too, a liver injured bt stphihs or arsphenamine mat 
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be unduly susceptible to the effect of the irimoi infections of eveiyday 
life Without attempting to assume a strongly partisan attitude, we 
have been impressed with the fact that any of these factors may be at 
fault and that, in addition to the syphilis, some irrelevant entity, such as 
cholelithiasis, or carcinoma m the biliary system or adjacent viscera, may 
be the cause of jaundice in a patient recently treated for syphilis 
O’Leary emphasized the fact that the appearance of jaundice in a 
patient in whom a series of injections of aisphenamine or mercury has 
recently been completed, presents a problem of differential diagnosis 
which at times may requiie a long period of observation before definite 
conclusions are possible Inadequate knowledge of the syndrome of early 
hepatic disease in general, with the inadequacy of the laboratory methods 
available at this time, and the fact that various factors will produce the 
same clinical syndrome, are the reasons for the present confusion in 
regard to this complication of jaundice As is readily realized, the sever- 
ity of the symptoms of this complication, for convenience called “post- 
arsphenamine jaundice,” is dependent on the degree of injury to the liver 
whether fiom arsenic, mercury, staphylococci, stieptococci or syphilis 
Table 7 with the accompanying case histones is piesented to call atten- 
tion to the various types of hepatic complications observed following 
treatment for syphilis and to the diagnostic and prognostic value of the 
tests of hepatic function in this complication 

Case IIS (table 7) — The patient came to the clinic in November, 1923, with 
asymptomatic neurosyphilis The Kolmer modification of the Wassermann reac- 
tion of the blood was reported as strongly positive, graded 44 The Wassermann 
reaction of the spinal fluid was strongly positive, graded 44, the globulin test 
(Nonne) was positive, and the fluid contained 7 lymphocytes in each cubic milli- 
meter The colloidal benzoin reaction was 002 000 033 200 000 Results of a 
general examination were negative The patient gave a history of having had 
an acute syphilitic infection in 1921 Previous to coming to the clinic he had 
received sixteen intravenous injections of neoarsphenamine, and twenty intramus- 
cular injections of mercury salicylate He had been taking mercury pills at irreg- 
ular intervals for the last sixteen months 

Under our direction treatment was started on Nov 16, 1923, the patient receiving 
seven intravenous injections of arsphenamine at weekly intervals, for a total dosage 
of 2 7 Gm In addition, three intraspinal treatments were given according to the 
Swift-Ellis-Ogilvie modification, five intramuscular injections of 1 gram (0065 
Gm ) of mercury bichloride (bichlondol) at weekly intervals and ten intravenous 
injections of 100 cc of a 10 per cent solution of sodium iodide The patient was 
dismissed from the clinic on Jan 2, 1924, and was advised to start on a course 
of forty mercurial inunctions of 50 grains (3 25 Gm ) each He failed to take 
the rubs, but reported, February 4, that he was feeling well About February 15, 
he complained of nausea, loss of ambition and appetite, malaise and pain m the 
bones and the muscles These symptoms persisted until March 15, when jaundice 


19 O’Leary, P A Postarsphenamin Jaundice, M Clin North America 
8 1203, 1925 
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appeared The local physician who was called at this time advised an operation 
for the removal of gallstones The operation was postponed for six weeks, during 
which time the jaundice became more intense, and the patient complained more 
of nausea, loss of weight and the constitutional symptoms so common m cases of 
infectious jaundice Against our advice, the patient was operated on elsewhere 
for cholelithiasis, the diagnosis was based on the persistent painless jaundice 
Gallstones were not found, the liver was reported to be somewhat enlarged and 
congested Convalescence was somewhat protracted, and the patient remained in 
the hospital eight weeks, during which time the jaundice did not show a tendency 
to dimmish 

The patient returned to the clinic, June 15, still slightly jaundiced There was 
a small amount of free fluid in the abdomen, and slight edema of the ankles , the 
stools were still clay-colored, and the urine gave a positive reaction for bile The 
wound had healed, leaving a small ventral hernia The reaction of the blood by 
the Kolmer test still was reported as strongly positive The serum bilirubin value 
was 3 mg in each 100 cc In view of the prolonged and protracted course of the 
jaundice, the patient was given daily intramuscular injections of succinimide of 
mercury and a 10 per cent solution of sodium iodide intravenously Within a 
few days, he reported that he was feeling better, and he continued to improve 
rapidly 

This case is an example of a mild type of postarsphenamme jaundice 
which cleared up without leaving discernible injury in the liver It is 
our impression that the jaundice was the result of the treatment that 
was instituted foi syphilis , probably the arsphenamine was the cause 

The jaundice was subsiding when the patient was first observed, and 
the serum bilirubin content soon dropped to normal from the original 
value of 3 mg A direct van den Bergh reaction was present at first, but 
later it became indirect There was a lag in the response, however, and 
the direct van den Bergh reaction persisted for a month or more after 
the serum bilirubin content had dropped to within the usual limits of 
normal There was moderate retention of phenoltetrachlorphthalem 
which persisted for a considerable period after all other evidence of 
injury to the liver had disappeared It gradually decreased, and when 
the patient was last noted in March, 1927, there was a normal response 
to all tests 

Case 116 (table 7) — A man, aged 44, came to the clinic in February, 1926 
He had a primary lesion followed by a secondary rash about twenty years before 
When he was first examined there was no clinical evidence of activity, but the 
Wassermann reaction of the blood was strongly positive, graded 44, and the 
spinal fluid gave a positive globulin reaction and a colloidal gold curve indicative of 
syphilis He was given a vigorous course of antisyphilitic treatment, and during 
a period of eighteen months he received eighteen injections of arsphenamine for 
a total of 8 3 Gm and forty-two intramuscular injections of succinimide of mer- 
cury in % gram (0 0108 Gm ) doses The last injection of arsphenamine was 
in February, 1927 The patient was well for a period but returned May 9, because 
of painless jaundice of four days’ duration He was in good condition apart from 
the jaundice The liver and spleen were not palpable The serum bilirubin con- 
tent was 18 7 mg in each 100 cc He was given daily intravenous injections of 
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Table 7 — Postarsphenamine Jaundice — Continued 
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sodium thiosulphate with duodenal drainage on alternate da>s There was little 
change the first week The jaundice deepened shghtlj, and the serum bilirubin 
increased to 23 4 mg Only a small amount of bile-stained fluid was obtained by 
duodenal drainage at this time The quantity of material obtained gradually 
increased, and a good flow of bile was secured at the last three drainages The 
jaundice began to disappear at that time, and thereafter recovery was uninter- 
rupted The patient was only slightly jaundiced when he was dismissed from 
observation on May 31, and he was entirely well when last seen in January, 1928 

This case, clinically, was one of mild postal sphenamine jaundice 
with complete recover)’’ The laboratoiy studies were of interest because 
It was possible to follow the changes during both the periods of develop- 
ment and of recession of the jaundice This cuive was accuiately 
pictured by the changes in the serum bilirubin The case was a good 
demonstration of the value of determining the serum bilirubin content 
in following the course of a case of jaundice, for the changes were much 
more clear cut than those in the skin or mucous membranes A direct 
van den Bergh leaction was obtained duiing the course of the jaundice 
Theie was no change in the bile acid content of the blood There was 
marked letention of bromsulphalein during the period of jaundice The 
degree of dye retention decreased slowly, but persisted for a considerable 
period after the disappearance of the bihiubinemia When the patient 
was last examined in January, 1928, normal readings were obtained with 
all tests 

Case 89 (table 7) — A man, aged 60, came to the clinic m May, 1924, when 
he was found to have parenchymatous and meningeal neurosyphilis He was given 
SIX intravenous injections of arsphenamine for a total of 2 2 Gm in conjunction 
with thirty intramuscular injections of succinimide of mercury and twenty- 
seven intravenous injections of sodium iodide This course of treatment 
was completed about the middle of July, and the patient was sent home with 
directions to take mercurial inunctions He returned to our care September 17 
because of painless jaundice of two weeks’ duration The serum bilirubin content 
at that time was 5 6 mg m each 100 cc The jaundice, which was associated with 
light-colored stools and dark urine, gradually progressed He had lost his appe- 
tite, and experienced a marked sense of fatigue and exhaustion, and severe pains 
m the leg and arm, associated with slight paresthesia of the lower extremities 

Duodenal lavage was unsatisfactory The increase m the degree of jaundice, 
and the associated prostration and evidences of toxicity, led us to believe that the 
patient had toxic hepatitis As is customary in these cases, there was great irrita- 
bility of the kidney The patient remained in the hospital approximately three 
months and received twenty-one additional injections of succinimide of mercurj 
Peripheral neuritis was extremely troublesome, and cord bladder necessitated 
daily irrigation during this time The jaundice persisted for four months but 
finalh’ cleared up completely At the time of dismissal of this patient, a diagnosis 
was made of toxic hepatitis due either to sjphihs or to arsenic It was approxi- 
mately a year before the neuritis and the edema of the extremities disappeared, 
and the patient again began to feel well 


20 Wilhelm, L F X Duodenal Lavage in the Treatment of Jaundice Com- 
plicating the Treatment for Svphihs, Arch Dermat &. Syph 10 499 (Oct ) 1924 
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This case was of paiticular interest because it was possible to follow 
the changes during the development of jaundice The seium bilirubin 
increased piogiessively fiom 5 6 to 20 mg in each 100 cc duiing this 
peiiod A maximal degree of dye retention was attained early, and 
theie was relatively little fuither mciease It was not possible to follow 
the curve of recovery, but six weeks later the bilnubm and phenoltetra- 
chlorphthalem readings had letuined to noimal, although the direct van 
den Bergh reaction persisted 

ICTERUS GRAVIS 

Acute yellow atiophy or icterus gravis may develop as a result of 
many conditions Taken by itself it is not characteristic of syphilis, 
although it occasionally is syphilitic m origin Many of the leported 
cases have been desciibed in association with acute secondaiy syphilis 
There is no sharp line of distinction, other than the acuteness and 
severity, between this condition and the acute syphilitic hepatitis previ- 
ously described Similarly, the hepatic injury producing arsphenamme 


Table 8 (case 134) — lUustiative Case of Acute Yellow Atiophy 



Blood 

Urea, 

Mg for 

Blood 
Creatinine, 
Mg for 

Phenoltetraehlorphthalein Test 

Dye in Serum, per Cent 

Date 

100 Cc 

100 Ce 

'l5 Minutes SO Minutes CO Minutes 

9/U/23 

184 

38 

34 30 24 


jaundice usually is of moderate seventy, and the patient readily 
recovers In some cases, however, there is an overwhelming injury 
to the hepatic parenchyma Such cases may well be classified as acute 
yellow atrophy The history of an illustiative case follows 

Case 134 (table 8) — A man, aged 38, came to the clmic m January, 1923, 
because of jaundice associated with weakness and malaise The jaundice had 
been present about ten days at the time of his admission , also, the lassitude and 
the loss of appetite had been noted for about two weeks The stools were clay- 
colored The patient had had a definite dull pain in the hepatic region for several 
weeks preceding the onset of the jaundice On examination, the Wassermann 
reaction of the blood was found to be strongly positive, and he gave a definite 
history of syphilis of twenty years’ duration The liver and the spleen were both 
greatly enlarged, extending almost to the umbilicus Antisyphilitic treatment was 
started, using mercury with chalk by mouth and small doses of potassium iodide 
Abdominal pain, which increased steadily for a period of several weeks, necessi- 
tated the discontinuance of all treatment Following this, there was gradual 
recession m the jaundice and apparent improvement in the patient’s general condi- 
tion One month after the mercury by mouth had been started, the patient 
received his first small injection of neoarsphenamine, 0 2 Gm , and m eight days 
the same dose was repeated He was sent home the latter part of March some- 
what improved 

The patient returned to the clinic in August, however, markedly jaundiced 
He said that he had been free from jaundice during April and May but that it 
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had returned the first of July Since then he had become progressively worse 
It IS to be noted that while at home he had been given a series of injections of 
arsphenamine shortly before the recurrence of the jaundice He was readmitted 
to the hospital on Aug 14, 1923 At that time he was markedly jaundiced, and the 
liver and spleen were enlarged The Wassermann reaction of the blood was still 
strongly positive, graded 44 The urine contained much bile and a moderate 
amount of albumin, but the blood urea content was 16 mg in each 100 cc It was 
felt at this time that he was showing evidence of a Herxheimer effect m syphilitic 
hepatitis and splenitis The routine therapeutic measures were unavailing, and 

his condition became rapidly worse Edema of the legs and abdominal ascites 

developed, and paracentesis by which 1,600 cc was obtained was done on Septem- 
ber 3 The fluid recurred rapidly so that it was impossible to follow changes in 
the size of the liver which, however, seemed to decrease somewhat Later there 
was profuse oozing of blood from the mouth and nose, and still later from the 

bowel, while the blood urea content rose from 26 to 184 The patient was pro- 

foundly toxic the greater portion of the time Later he became stuporous and 
was in a state of coma during the last few days of his life He died on Sep- 
tember IS 

Postmortem examination revealed destructive hepatitis and splenitis The 
liver weighed 978 Gm and the spleen, 546 Gm , and the pathologist considered 
the condition of both to be syphilitic There was also acute diffuse nephritis 

Laboiatory studies were made the day before death The serum 
bilirubin was elevated, but a quantitative estimation was not made A 
direct van den Bergh reaction was present, and there was marked 
retention of phenoltetracblorpbthalem The most staking change was 
the terminal rise m the blood urea content during the last week of life 

Stadie and Van Slyke and others reported cases of acute yellow 
atrophy in which there was increase in the ammo-acid content of the 
blood but m which the urea content was normal The same content of the 
blood in jaundice is almost pathognomonic for acute yellow atrophy, but 
we wish to emphasize the fact that there are many cases of icterus gravis 
in which this particulai tvpe of disturbance in the chemical composition 
of the blood does not occur The case cited is an example 

HEPATIC RECURRENCE AND HERXHEIMER EPEECT IN THE LIVER 

Syphilologists have recognized since the advent of arsphenamine two 
therapeutic effects the Herxheimei reaction, and the recidive or 
“recurrence ” An outstanding example of the Herxheimer reaction, or 
therapeutic shock, is observed clinically following the admnnstiation of 
a dose of arsphenamine to a patient with an acute syphilitic roseola 
Within twenty-four hours following the injection theie is marked 
accentuation of the cutaneous syphilid, and as a rule there aie constitu- 
tional signs such as fever and malaise The clinical evidence of recur- 

21 Stadie W C , and Van Slyke, D D The Effect of Acute Yellow 
Atrophy on Metabolism and on the Composition of the Liver, Arch Int Med 
25 693 (June) 1920 
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lence is most leadily obseived in patients with acute syphilis who aie 
inadequately tieated One oi two injections of ai sphenamine, not 
accompanied mercuiy oi bismuth, frequently lesult in the leappeai- 
ance of the active syphilitic lesions The same piocess may take place in 
the livei, and the following case repoit is ofifeied as an example of 
diffuse syphilitic hepatitis oi a “hepato-i ecui i ence” which developed in 
a patient who was inadequately treated for acute syphilis 

Casc 135 (table 9) — A patient, aged 37, had had a penile chancre in June, 
1926 He received three intravenous injections of ar sphenamine at five day inter- 
vals at that time but did not receive mercury Five days after the last injection 
he became jaundiced This jaundice persisted, although it varied somewhat in 
intensity from day to day The stools were clay-colored, and pruritus was 


Table 9 (case 135) — Piogicss m an Ilhistiaiwc Case of Hepato-Rccm i cnce 
and Hd xheimer Effect m the Livci 



Blood 

Scrum 


Bile 
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Bilirubin, 

Van den 
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marked There was no gastro-intestinal disturbance, but he lost 35 pounds (15 9 
Kg) in weight He was admitted to the clinic on Jan 30, 1927, five months after 
the appearance of the jaundice He was moderately icteric, the serum bilirubin 
content was 21 4 mg in each 100 cc The edge of the liver was palpable below 
the costal margin The Kolmer modification of the Wassermann reaction per- 
formed on the blood was negative, but the reaction to the Kahn test was positive 
A moderate amount of bile-stained fluid was obtained on duodenal drainage 
but the jaundice persisted, the serum bilirubin content fluctuating between 22 4 and 
35 0 mg The patient was given dextrose intravenously for two weeks in addition 
to the lavages, but without improvement On February 18, the daily intramuscular 
injection of succmimide of mercury in 1/6 grain (00108 Gm ) doses was started 
This was supplemented by potassium iodide He made a steady and uneventful 
convalescence under this regimen and was dismissed from the hospital on March 
22 He was still slightly jaundiced, and the serum bilirubin content was 5 3 mg 
at that time Two months later the jaundice had completely disappeared, and the 
serum bilirubin content was 0 5 mg The edge of the liver was just palpable He 
has remained well since then 
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The laboratory studies m this case extend over the major portion 
of time during which the patient was suffering from an attack of 
jaundice There was an initial rise in the serum biliruhm from 21 4 
to 35 0 mg m each 100 cc during the development of the jaundice The 
bilirubin content in the blood gradually subsided during the period of 
recoveiy and had fallen to 5 9 mg when the patient was dismissed on 
]\Iarch 24 A diiect van den Bergh leaction was obtained during this 
period When the patient was seen two months later the serum bilirubin 
was noimal, and the van den Bergh reaction was indiiect The Petten- 
kofer test showed an increase in the bile acids in the blood at the height 
of the jaundice This rapidly disappeared as the clinical condition 
improved The bromsulphalem test, on the other hand, showed a max- 
imal retention of dye when the patient first was seen, and this persisted 
throughout his stay in the hospital When last seen he still showed 
model ate retention of biomsulphalein Unfoitunately, it was not pos- 
sible to examine him at a later date to determine whether there was an 
eventual return to normal This case again is an illustration of the 
value of the determination of the serum bilirubin content in following 
the course of a case of jaundice 

TREATMENT CIRRHOSIS 

We haAe stressed the danger of too vigorous therapeutic measures 
m the presence of hepatic syphilis Aisphenamine in particular should 
be used with caution This is pai ticulai ly true because of the insidious 
character of the injury to the liver pioduced by aisenic Much evidence 
has been accumulated to show that considerable destiuction of hepatic 
tissue may take place without theie being any accompanying jaundice 
or other lecognizable clinical symptoms Fibious tissue proliferation 
follows, and with repeated hepatic injury cirrhosis develops O’Leary, 
Snell and Bannick reported two cases of portal cirrhosis apparently 
resulting fiom the long-continued use of inorganic aisenic as the solution 
of potassium arsenite We piesent the history of a case in which it 
seemingly followed the use of aisphenamine This patient, as far as 
could be judged, was free fiom syphilis so that the cirrhosis is most 
readily ascribed to the action of arsphenamme 

Case 136 (table 10) — The patient first came to the clinic in 1916, when he 
complained of numbness m the right arm and shoulder Neurologic examination 
suggested the possibilit 3 ^ of S 3 'philis, and it apparently was confirmed at that time 
b 3 a weakly positive Wassermann reaction of the blood During the next five 
years, he received a series of eighteen intravenous injections of arsphenamme for 
a total of 7 9 Gm , 200 mercurial inunctions and approximately thirty-six intra- 

22 O’Leary, P A , Snell, A M , and Bannick, E G Portal Cirrhosis Asso- 
ciated with Chronic Inorganic Arsenical Poisoning Report of Two Cases, 
J A M A 90 1856 (June 9) 1928 
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muscular injections of succininiide of mercury The patient was alwajs greatly 
concerned about the syphilis, and although repeated examinations of the spinal fluid 
and blood tests following the original course of treatment were all negative, he 
took further treatment from time to time from other phj^sicians, against our 
advice He was seen almost annuallj', but no further evidence of syphilis was 
obtained 

In Maj^ 1926, the patient began to have some abdominal pain and enlargement 
of the abdomen Walking or jarring materially aggravated the discomfort Ten 
daj s after the onset of this abdominal discomfort, it was noted that he had fluid 
in the abdomen He returned to the clinic on May 14, 1926 The skin had a 
subicteric tint, and there was moderate abdominal distention The liver and 
spleen were not palpable The serum bilirubin content was 44 mg in each 100 cc 
He was treated with diuretics in the form of ammonium chloride and merbaphen 
with marked success At the time of his dismissal, the latter part of June, he had 
lost 36 pounds (16 3 Kg) and was entirely free from ascites The liver and 
spleen were just palpable at the costal maigin He remained well at home but 
returned to the clinic in August of the same year, for reexamination There was 


Table 10 (case 136) — Piogiess m an lUustiaiivc Case of Tieatmcnt 
Cii I Itosis, m a N onsypJnhtic Patient 



Blood 

Scrum 


Bile 
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Bilirubin, 

Van den 

Acids, Bromsulphalem Test, 


Mg for 

Mg for 
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Mg for Dye in Serum, per Cent 
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Date 

100 Cc 
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Reaction 

of Blood 15 Minutes 30 Minutes 60 Minutes 

5/17/2J 
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44 

+ 
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72 

54 

5/24/23 

49 

28 
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75 

54 

80 

0/ 8/20 

29 

32 

+ 

90 

82 

54 

0/15/26 

32 

27 

+ 




8/28/20 

23 

24 

+ 


40 

15 


no evidence of jaundice, the spleen was definitely palpable and the edge of the 
liver, smooth and firm, could be felt across the right costal border Ascites was 
not demonstrated The serum bilirubin content was 2 4 mg 

The patient was well for a time but returned in October and was admitted in 
a state of collapse He died in about twelve hours from a ruptured esophageal 
•varix Postmortem examination showed a cirrhotic liver considerably reduced in 
size and a spleen which was four times its normal size The ruptured esophageal 
varix, with evidence of gastro-intestinal hemorrhage, was readily demonstrated 

A senes of five readings w^as made on this patient dining the three 
months period between May 17 and Aug 28, 1926 Slight bilirubmemia, 
a diiect van den Bergh reaction and maiked letention of dye were 
umfoimly piesent These obseivations aie identical with those in the 
cases of syphilitic ciirhosis pieviously discussed, and in the cases of 
poital cirihosis which we have previously leported 

A history of alcoholism was not present in this case, and the patholo- 
gists could not find anything at necropsy to indicate that the hepatic 
cirrhosis was of syphilitic oiigin, although a stain for spirochetes was 
not made Clinical data elicited duiing the long period of observation 
were not of help in ai living at a decision as to the cause of the cirrhosis 
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We believe, howevei, that the use of arsphenamine must be considered 
an etiologic factor and that this is a tiue case of treatment cirrhosis in 
a nonsyphihtic patient 

JAUNDICE ASSOCIATED WITH MALARIA INOCULATION 

The mtioduction by Wagner- Jauregg of inoculation with malaria as 
a method of treating neurosyphihs marks an undoubted advance in the 
treatment for syphilis O’Leary recently reported m detail his clinical 
experience with this treatment Of the 400 patients treated by this 
method, jaundice of varying degiee was observed m about 6 per cent 
This IS of particular interest, for involvement of the liver in malaria 
has been recognized since the time of Hippociates Cirrhosis is the 
most common condition of the liver m chronic malaria This, for the 
most part, is associated with destruction of eiythrocytes and usually 
IS spoken of as belonging to the group of types of pigment cirrhosis 
1 ather than to the usual type of portal cirrhosis, although Hance 
thought it should be classified in the latter group At the same time, it 
must be kept in mind that some authorities, as MacCallum,-® have not 
considered the relationship of malaria and hepatic cirrhosis as wholly 
established Jaundice occasionally is seen m malaria, but it must be 
admitted that the so-called “bilious” form of malaria is one of the rarer 
-manifestations of that disease 

The etiology of the icterus which accompanies the treatment for 
neurosyphihs by malaria is difficult to establish The same situation 
exists here as is found in the so-called postarsphenamine jaundice It 
IS recognized that direct action of malaria on the liver, activation of 
syphilitic hepatitis or some other secondary infectious agent may be 
•at fault For the present, this must remain an open question Herewith 
are the history and results of laboratory examination m an illustiative 
•case 

Case 137 (table 11) — A dentist, aged 34, first came to the clinic in June, 1925, 
because of an early case of syphilis of the central nervous system He had been 
treated with arsphenamine by his local physician, and when he was examined at 
the clinic the Wassermann reaction of the blood was negative but that of the 
spinal fluid was positive During the next eighteen months he had two further 
courses of arsphenamine, supplemented by a course of intraspmal treatment accord- 
ing to the Swift-Ellis-Ogihvie technic without a change m the reaction of the 
spinal fluid 


23 O’Leary, P A Treatment of Neurosyphihs by Malaria Serologic 
Results and a Comparison with Treatment by Typhoid Vaccine, JAMA 
•91 543 (Aug 25) 1928 

24 Hance, J B On Malaria as an Independent Etiological Factor in Portal 
Cirrhosis, Guy’s Hosp Rep 78 379, 1928 

25 MacCallum, W G A Text-Book of Pathology, ed 3, Philadelphia, 
W B Saunders Company, 1924, p 1162 
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Inoculation with malaria ■\\as gnen on Dec 2, 1926 The first chill occurred 
four dajs later Quotidian chills occurred during the next ten da>s There was 
slight conjunctnal icterus on December 14, ^vhIch progressively increased 
Enlargement of the spleen could first be demonstrated on December 20 The 
patient had ten chills br December 22 There was moderate jaundice, and the 
spleen vas readih palpable Quinine rras then administered, and there was a 
cessation of the chills and rapid disappearance of other symptoms Three dajs 
later the spleen vas no longer palpable, and the jaundice had markedly decreased 
Anemia de\ eloped rapidlj’ with a marked fall m both the hemoglobin content 
and the erj throcrde counts, but the leukoc} te count rvas unchanged The urinary 
output vas more than 1,000 cc daib^ but tbe blood urea content rose progress^ ely 
from 18 to 72 mg in each 100 cc , and the uric acid from 2 7 to 5 7 mg in each 
100 cc ^Marked jaundice developed with a serum bilirubin content of 6 6 mg in 
each 100 cc and a direct van den Bergh reaction There A\as retention of brom- 
sulphalem as well 

The changes observed in this patient are chaiacteristic and serve to 
illustrate those seen in the group as a whole There are several possible 
explanations of the changes in the blood The production of anemia, 
with the associated appearance of jaundice, suggests a hemolytic crisis 
in consequence of a destruction of erjdhroc} tes b)’^ plasmodial invasion 
To that extent the changes may be compared with the similar hemolytic 
crisis produced by the therapeutic administration of phenylhydrazine in 
cases of pol} cjThemia a era The changes in the latter have been reported 
b) Greene and Conner and more recently by Huffman Huffman 
found that during therapeutic use of phenylh} drazine there ivas rapid 
production of anemia As the hemoglobin of the destroyed erj f hrocjdes 
•was broken doivn, the pigment moiet} w^as excreted in the bile as 
bilirubin, and the protein fractions appeared in the urine as urea Prac- 
ticall)'^ all the destroyed blood could be accounted for in this "way 
Because of the lapidity of blood destruction, the eliminative facilities of 
the bod}’ were temporarily embarrassed In consequence, there w^as 
transitor}’- increase in the blood urea and serum bilirubin, wnth conse- 
quent jaundice Apart fiom this there w^as little metabolic disturbance, 
and recovery was rapid and complete 

A similar hemoljtic crisis wnll expain man} of the changes in the 
jaundice followang inoculation wnth malaria The anemia, jaundice, 
enlargement of the spleen, bihrubinemia and increase in the blood urea 
may all be explained on this basis This view is apparently held by 
Stitt-® Simple hemolysis, how^ever, wall not explain all the changes 

26 Greene, C H , and Conner, H M Diseases of the Liver V A Com- 
parative Stud^ of Tests for Hepatic Function in Certain Diseases of the Hemato- 
poietic Sj stem. Arch Int ]\Ied 38 167 (Aug ) 1926 

27 Huffman, L D ^Metabolic Studies in the Treatment of Polj cj'themia 
Vera i\ith Phenj Ihj drazine, Arch Int Med 39 656 (May) 1927 

28 Stitt, E R The Diagnosis and Treatment of Tropical Diseases, Phila- 
delphia, P Blakiston’s Son & Company, 1929, pp 33, 34, 45, 48 and 63 
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piesent Hemolytic icterus and the jaundice following tieatment with 
plieii} Ihydi azine aie characterized by the piesence of an indirect van 
den Beigh leaction and normal values for the bromsulphalein test 
Retention of dye and a direct van den Bergh reaction were uni- 
foimly piesent in the cases of jaundice accompanying malaiia 
These changes can be taken as diiect evidence of some degree of 
hepatic injury, however slight Likewise, the increase in the uric 
acid content of the blood is evidence of injury to the tissues and need 
not be referred exclusively to renal injury We believe, therefore, that 
the jaundice associated with inoculation with malaria is not to be con- 
sidered as due entirely to destruction of blood but must be classified as a 
hemohepatogenous type of icteius 

LABORATORY DATA 

Fluctose Toleiance — Previous experience with the fructose tol- 
erance test in patients with obstructive jaundice or the various types of 
hepatitis with jaundice was disappointing m contrast to the results of 
Isaac, Kleeberg,^® Tachau and others The changes observed were 
not sufficiently marked or specific to be of particular diagnostic value A 
group of ten patients was subjected to the test in the present series 
Only two positive reactions were obtained Further study did not seem 
justified, and the test was discarded 

Ntti ogen Pai tiHon of the Blood — slight decrease in the blood urea 
level IS found in some of the cases of jaundice observed in this senes 
The change, however, was always to be explained by reference to the 
individual case, and usually by the use of diets low in protein and rich 
111 carbohydrate, tempoiary forcing of the intake of fluids or similar 
factors In one case of destructive hepatitis leading to subacute yellow 
atrophy, the blood urea was noimal until just before death, when there 
was a terminal rise A similar terminal rise was noted in a case of 
hepatic gumma and in one of portal cirrhosis Temporary elevation 
of the blood urea likewise was noted in the course of several cases of 
postarsphenamine jaundice, but the administration of large amounts 
of dextrose and the forcing of fluid in such cases caused a rapid retuin 
to noimal 

The other nitrogenous constituents of the blood which were studied, 
the total nonprotem nitiogen, uric acid, creatinine and ammo-acid 
nitrogen did not show chaiacteristic changes 

29 Isaac, S Die klmischen Functionsstorungen der Leber unci ihre Diagnose, 
Ergebn d inn Med u Kinderh 27 423, 1925 

30 Kleeberg, Ludwig Lfber Leberfunktionsprufungen bei Lues, kled Klin 
2 1162, 1920 

31 Tachau, P Untersuchungen uber die Funktion der Leber bei Lues, unter 
besonderer Berucksiclitigung des Ikterus svphiliticus praecoK und der Leberstor- 
ungen durch Salvarsan, Dermat Ztschr 32 305, 1921 



188 


ARCHIVES OF INTERNAL MEDICINE 


Bile Pigments — The Aalue of the seiiim bilirubin test as a means of 
following the piogiess of a case of jaundice is too well lecognized to 
require special emphasis The i esults in this series are m entire 
agieement with the obseivations made in the othei \aiieties of jaundice 
which have been studied and lepoited from this clinic The estimation 
of the seium bilirubin ofteis a moie sensitive index to daity changes in 
the degiee of jaundice than the color of the skin oi the amount of bile 
in the urine The determination of the seium bilirubin content m early 
cases of toxic hepatitis, oi in cases of ciirhosis, has peimitted the recog- 
nition of latent jaundice befoie the icteius became manifest chmcall) 
Refeience should also be made, paiticulaily in postal sphenamine 
jaundice, to the dispaiit} observed in some cases between the intensity 
of the jaundice and the clinical sjmptoms Duiing lecovery, the two 
tend to improve together, but at the height of the disease they do not 
necessarily coiiespond This emphasizes the point that a single detei- 
mmation is of less value than a study of the cune of change m the 
serum bilirubin The degiee of biliiubinemia in the cases of post- 
al sphenamine jaundice was entiiely compaiable with those observed in 
the acute hepatitis of nons} philitic oiigin, the maximal value was 32 5 
mg of bilirubin in each 100 cc Normal \ allies foi the seium bilirubin 
were found in those cases of syphilis in which theie was no involvement 
of the liver and m those of hepatic gumma 

A direct van den Bergh leaction was obsened in all the cases of 
marked jaundice of whatevei type In oidmaiy usage, we have not 
found any advantage in following the vaiious lepoited subgroups of 
this reaction The majoiity of these have been lepoited as direct m the 
accompanying tables In cases of postal sphenamine jaundice we have 
observed that there may be a slight initial increase in the sei um bilirubin, 
while the seium gives an indiiect oi delajed diiect i^an den Bergh 

32 Chargin, Louis, and Orgel, S Z Jaundice in Syphilitic Persons Receiv- 
ing Arsenical Medication Its Early Detection and Possible Prevention, Arch 
Dermat & Syph 7 495 (April) 1923 Dixon, H A , Campbell, W R , and Hanna, 
M I The Control of Arsphenamine Treatment by Liver Function Tests, Canad 
M A I 16 551, 1926 Gerrard, W I The Recognition of Latent Jaundice 
During Treatment with Arsenobenzol Compounds, Brit M J 2 224, 1924 Kloep- 
pel, F W Lues und Salvarsan in ihrem atiologischen Zusaminenhang mit Bih- 
rubinamie und Ikterus, Dermat Ztschr 37 137, 1922-1923 Schamberg, J F, and 
Brown, Herman Bilirubin Determinations in the Blood as a Measure of Liver 
Damage in Treatment with Arsphenamines, J A M A 82 1911 (June 14) 1924 
Schneider, Paul Untersuchungen uber den Bihrubingehalt des Blutserums bei 
Salvarsan-Quecksilberkur, Dermat Wchnschr 74 228, 1922 Strauss, L, and 
Buerkmann, W Der Einfluss des Salvarsans auf die Bilirubin-Reaktion im 
Blutserum bei Lueskranken, zugleich ein Beitrag zur Frage der Salvarsan- 
schadigungen, Klin Wchnschr 1 1407, 1922 Wechselmann and Hohorst, W 
Ueber den Einfluss der Salvarsanbehandlung auf den Bihrubingehalt des Blut- 
serums, Arch f Dermat u Sjph 136 285, 1921 
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reaction This changes lapidl}, and with furthei increase in the amount 
of pigment retained in the blood the leaction becomes diiect Similaily, 
as the jaundice disappears, a diiect or delayed direct reaction may be 
obtained for seveial days oi even foi several weeks aftei the normal 
level of bihiubin is legained 

Dye Retention — Phenolteti achloi phthalem was used to measuie the 
letention of dye in the majoiity of these cases In the moie lecent cases 
bi omsulphalem was used instead The lesults were qualitatively alike 
with the two d)^es Noimally they leave the blood at difteient lates, 
theiefoie, the samples of blood must be taken at diffeient times Because 
of this It IS not possible to compaie the two dyes diiectly oi to 
conveit leadings obtained with one into readings obtained with the 
other However, we have not obseived definite letention of phenolteti a- 
chlorphthalein without likewise finding retention ot bromsulphalein 
Bi omsulphalem is somewhat less in itating to the veins than 
phenolteti achloi phthalem and so is piefeiable foi lepeated use 

Retention of these dyes was observed m all cases of hepatitis with 
jaundice of whatever type The changes again aie similar to those 
found m nonsyphilitic cases The changes m retention of dye aie similar 
to those observed m the seium bihiubm although the leturn to noimal 
m the letention is gieatly delayed In the majority of the cases of toxic 
hepatitis 01 postal sphenamme jaundice, the abnoimal letention of dye 
completely disappeaied aftei lecoveiy, but a slight degiee of letention 
occasionally peisisted for a consideiable peiiod following lecovery and 
the 1 etui 11 of the biliiubm to noimal 

The lesults m geneial weie similar m the vaiious foi ms of syphilitic 
hepatitis In case 6 (table 5), the phenoltetrachlorphthalein reading 
leturned to noimal with the clearing up of the initial hepatic lesion 
With fuither piogiess and the appaient development of ciiihotic 
changes, abnormal retention of dye again appeared 

The cases of gumma weie vaiiable The majority showed slight 
degiees of abnormal retention of dye The readings obtained m the 

33 Broun, G O Toxic Hepatitis Following Salvarsan Administration, M 
Clin North America 7 989, 1923 Epstein, N N , and Rauschkolb, J E The 
Rose Bengal Test for Liver Function with Particular Reference to Its Use in 
the Therapy of Syphilis, Arch Dermat & Syph 14 122 (Aug ) 1926 Greenbaum, 
S S, and Brown, Plerman The Phenoltetrachlorphthalein Liver Test in Cases 
of Acute and Chronic Syphilis Under Treatment and in Various Skin Diseases, 
J A M A 82 88 (Jan 12) 1924 Piersol, G M , and Bockus, H L Com- 
parative Studies in Liver Function by Some of the Later Methods, JAMA 
83 1043 (Oct 4) 1924 Piersol, G M, and Rothman, M M Practical Value 
of Liver Function Tests A Comparative Study, J A M A 91 1768 (Dec 8) 
1928 Rosenthal, S M The Phenoltetrachlorphthalein Test for Hepatic Func- 
tion Recent Studies with the Author’s Method, JAMA 83 1049 (Oct 4) 
1924 
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different cases vaiied consideiably, depending, perhaps, on both the 
extent and the severity of the process in the liver The cases of 
cirihosis, on the other hand, were more unifoim, practically all showed 
the presence of a model ate degree of retention The results of the 
phenoltetrachlorphthalein and biomsulphalein tests, in such cases, are 
of greatei diagnostic value, foi in these, letention of dye occurs without 
there being a coincident eleiation of the serum bilirubin 

The Bile Acids — The study of the bile acid content of the blood by 
means of the Pettenkofer test was without diagnostic import in this 
senes of cases In a few cases of syphilitic hepatitis with jaundice, or 
of postarsphenamine jaundice, there was an mciease in bile acids The 
increase in the bile acids apparently is tiansitory and is confined to the 
acute stage of the disease The noimal level of bile acids is regained 
much sooner than is that of the serum bilirubin and soonei, also, than 
the retention of dj^e becomes noimal The changes in the bile acids, 
therefoie, are similar in charactei to those found by Snell, Greene and 
Rowntree in expei imental obstructne jaundice In all but these few 
cases, the values foi the bile acid content of the blood, as given by the 
Pettenkofer test, weie within the usual limits of normal 

COMMENT 

“Syphilis, the gieat imitator, is perhaps never seen in a more 
advantageous idle, as such, than m hepatic disease”^® The present 
group of cases well illustiates the applicability of this statement The 
different clinical pictuies cited, as well as the various accompanying 
laboratory data, have their counteipaits in nonsyphilitic disease In 
consequence it is necessaij^, in a discussion of the hepatic complications 
of syphilis, to speak not in geneial teims but in specific teims, not of 
syphilis of the liver, but of a paiticulai form of hepatic syphilis Dif- 
ferential diagnosis is difficult, and ma} lequire the use of all available 
information, whether from the history, general examination or labora- 
tory examinations Such mfoimation is essential both for prognosis 
and for the institution of lational treatment 

This IS well illustrated by a compaiison of acute syphilitic hepatitis 
accompanied by jaundice with postal sphenamine jaundice The differ- 
entiation IS to be made wholly on the basis of the history and the clinical 
data Acute syphilitic hepatitis Avith jaundice develops independently of 
treatment and appears in association with, or shortly folloiving, the 
appeal ance of the secondary manifestations of acute syphilis When it 
is of a mild form, acute hepatitis lesponds to antisyphilitic measuics, 

34 Snell, A M , Greene, C H , and Rowntree, L G Disease of the Liver 
VII Further Studies in Experimental Obstructive Jaundice, Arch Int Med 
40 471 (Oct ) 1927 



O’LEARY ET AL— DISEASES OF LIVER 


191 


but when it is seveie it may progiess to acute yellow atrophy and 
death Postarsphenamme jaundice, on the other hand, develops m a 
patient who pieviously has received treatment The couise of the mild 
case IS usually uneventful, and as Wilhelm showed, it lesponds readily 
to therapeutic pioceduies The seveie foinis, on the othei hand, may 
go on to acute yellow atrophy, oi, if the injuiy is less acute, a portal 
type of ciirhosis may be pioduced Once the jaundice has developed, the 
clinical symptoms and the degree of appaient intoxication of the patient 
are alike m the two types Then the diffeiences are more of degiee, than 
of kind, and so aie not chai acteristic In consequence, the differential 
diagnosis must be made laigely on the basis of the history and collateral 
information The confusion of postarsphenamme jaundice with the 
ordinary nonspecific infectious hepatitis likewise has been pointed out, 
among othei s, by Stokes, Ruedemami and Lemon 

The changes in the functional tests in these forms of acute hepatitis 
are indistinguishable The most useful of the ciiteria available foi 
showing the development and intensity of hepatitis following the admm- 
istiation of arsphenamme is the determination of biliiubin An increase 
m the serum bilirubin precedes the first sign of incipient oi developing 
icterus, a point to which numeious authors have called attention Simi- 
laily, deciease m the seium pigment and letuin of the bilirubin to the 
noimal level precedes the disappeaiance of the icteius in the skin and 
mucous membianes The dyes, whether phenoltetiachlorphthalem oi 
biomsulphalem, aie letamed m a fashion similar to the retention of 
bilirubin, although the fluctuations with the couise of the disease aie 
not so marked, and the leturn to normal is not so lapid as in the case 
of the bilirubin Because of the gi eater sensitivity to daily fluctuations 
and ease of the piocedure, determination of the biliiubm content is 
somewhat more satisfactoiy foi routine use m these cases 

The diffuse hepatitis of late syphilis is to be classified clinically as a 
subacute or chionic piocess, by contrast with the acute piocess seen m 
the acute hepatitis of secondaiy syphilis or in postal sphenamme jaun- 
dice The condition m the majoiity of these cases is apparently 
lemediable, and the patients lecover moie or less completely undei 
antisyphihtic tieatment This is not always so, howevei, for with suffi- 
cient injury theie is peimanent injuiy to the hvei Biliary ciirhosis 
lesults, and this must be looked on as the end-stage of the response of 
the liver to chionic injuiy The possibility of the development of such 
a cirrhosis emphasizes the importance of piolonged obseivation of these 
patients, even aftei apparent clinical cuie, before a decision is reached 
legarding the extent of residual injury to the liver 

35 Stokes, J H , Ruedemann, Rudolph, Jr , and Lemon, W S Epidemic 
Infectious Jaundice and Its Relation to the Therapy of Syphilis, Arch Int Med 
26 251 (Nov ) 1920 
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Coi 1 espondence between the cases of poital ciiihosis in syphilitic 
and 111 nonsyphihtic patients also is to be noted The clinical features 
and the symptoms, so fai as the liver is concerned, aie identical in the 
two gioups The changes in the vaiious tests aie alike, and the patho- 
logic pictiiie has no distinguishing featmes It is difficult at times, even 
with the aid of microscopic studies, to determine what part syphilis alone 
has had in the development of this type of ciiihosis On the other 
hand, it geneially is accepted that portal cirihosis lepiesents the end- 
stage in the 1 espouse of the In^ei to mjuiy and repiesents the combined 
eftcct of the piocesses of degeneiation, deposition of fibrous tissue and 
legeneiation An inci easing mimbei of cases has been collected and 
lepoited in which such ciirhosis has followed lecovei)'' fiom acute yellow 
atioplw As s}philis is capable of piodncmg acute destiuctive hepatitis 
of the type of acute yellow atiophy it is logical to assume that some 
of these cases of idiopathic poital ciiihosis were syphilitic in oiigin 
Arsenic maj produce a similai disturbance, whether given in inoiganic 
form 01 as aisphenamine Case 136 appaiently is an example of such 
poital ciiihosis in a nonsyphihtic patient, which emphasizes the need for 
extieme caie in the administiation of arsphenamme in the presence of 
hepatic disease The peimanent and iiiemediable nature of the changes 
111 the hvei in portal ciiihosis emphasizes the importance of preventive 
rathei than cuiative measuies in tieatment In these cases, too, the 
bromstilphalein and phenoltetrachlorphthalem tests are of diagnostic and 
prognostic value as an index to the changes in the liver 

The pictuie of gumma of the Inei is unusual in that the symptoms 
pioduced, as a lule, aie much less distinct than oidinaiily ivould be 
anticipated from the degree of hepatic involvement The functional 
tests, especially the bi omsuli>halem oi phenoltetrachloiphthalem tests, 
likewise show only minimal changes m the piocess of outspoken patho- 
logic changes The condition in gumma emphasizes the limitation in 
value of the dififeient tests as atlected by the type of lesion piesent A 
diffuse lesion affecting the organ as a whole produces changes which 
aie demonstiated leadily A localized lesion, such as a gumma, on the 
othei hand, is limited m extent and the lemaindei of the oigan may be 
relatively noimal In view of the laige reseive in the livei, noimal 
reactions aie to be expected 

SUMMARY 

We aie impiessed with the vaued types of hepatic disease that may 
be pioduced by a syphilitic infection, a condition that calls to mind the 
multiform lesions in the skin produced by the same infection Conse- 
quently, It IS necessaiy to speak not of syphilis of the livei in the general 
sense but rathei of a specific type of hepatic lesion The chief chaiac- 
teiistics of the clinical pictuies and the lesults of laboratoiy exainina- 
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tions in these different conditions have been discussed This discussion 
has emphasized the difficulty of diffeiential diagnosis that fiequently is 
encountered and the impoitance in making the diagnosis of using all 
available infoimation, whether fiom history, general examination, labora- 
tory tests, theiapeutic tiial oi prolonged obseivation The indications 
for the use of the diffeient tests for hepatic function and then limitations 
have been discussed These tests give lesults that aie dependent on the 
extent and nature of the injuiy to the liver lathei than on the specific 
etiologic agent concerned For this leason, the piobable type and extent 
of the pathologic piocess must be considered in interpieting the lesults 
of laboratory examination When due legard is paid to these matteis, 
the various tests of hepatic function have definite value m supplementing 
other methods of studying the patient 
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MI A COMPREHENSIVE STUDY OF EFFECTS OE THE SCOPOLAMINE 
TREATMENT FOR MORPHINE ADDICTION '' 

ARTHUR B LIGHT, AID 

AND 

EDWARD G TORRANCE, AID 

PHILADELPHIA 

The loutine tieatment that we have employed in the Philadelphia 
Geneial Hospital has been confined chiefly to the scopolamine method 
We have made studies of the addicts before treatment was begun and at 
Intel vals of from two to four days following the appaient cessation of 
the withdiawal S 3 ''mptoms, which weie univei sally piesent while the 
patients weie under the influence of scopolamine During the latter 
study period, we encountered all grades of behavioi and appearances of 
illness We wish to report in this papei compaiative studies made ivliile 
morphine was being administeied to supply tbe needs of the addict and 
again following the cessation of mental confusion produced by 
scopolamine These studies include those of the heart and ciiculation, 
physical and chemical piopeities of the blood, metabolism, temper atuie, 
changes in weight, vital capacities, the mine, functional tests of the 
kidney and liver, and reaction to epinephrine and to atropine 

METHOD or treatment 

The routine method of tieatment, which was carried out in a more 
or less uniform manner, is as folIoAvs During the first twenty-four 
houis following admission, the patient is given morphine sulphate 
hypodermically in sufficient quantities to prevent withdrawal symptoms 
If no studies during the administration of morphine are contemplated, he 
IS placed on a liquid diet foi this period At the same time he is given 
a diastic dose of mild mercurous chloride oi mass of mercury, U S P , 
followed 111 eight hours by a saline cathartic At the end of the twenty- 
four hour period, scopolamine Itydiobiomide is given in doses of %oo 
gram (0 3 mg ) hypodermically at four hour intervals, for three doses 
With each dose of scopolamine is gn'^en 34 o grain (1 mg ) of strychnine 

' Submitted for publication, Alarch 5, 1929 

' From the Narcotic Wards of the Philadelphia General Hospital 
Expenses of this research were defrayed by the Committee on Drug Addic- 
tions, New York Cit}", and the work was carried out under the guidance of the 
Philadelphia Committee for the Clinical Study of Opium Addiction m the Narcotic 
AVards of the Philadelphia General Hospital which were placed at our disposal 
through the courtesy of the Director of Public Health, City of Philadelphia 
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sulphate Following this, the dosage of scopolamine is laised to %50 
glam (0 4 mg) foi three doses and then increased to Yxoo grain 
(0 6 mg ) accompanied each time with ^/4o giaiii stiychnme The total 
peiiod covered by the administration of scopolamine covers thiity-six 
hours When the effects of the scopolamine begin to disappear, if 
withdiawal symptoms are still quite seveie, they are combated with large 
doses of phenobarbital, or frequently a single dose of gram (16 mg ) 
of morphine sulphate is given Treatment fiom this time on is purely 
symptomatic, consisting chiefly of sedatives to promote sleep for three 
or four days as well as small doses of bicarbonate of soda foi any gastric 
distiess Patients aie usually dischaiged at the end of a peiiod of ten 
days 

EXPERIMENTAL PROCEDURE 

These studies weie usually conducted between the first and the 
fourth day following the disappearance of the mental confusion caused 
by the scopolamine Piactically all of oui observations and studies were 
made during the morning houis while the subject was reclining in bed, 
not having had breakfast The subjects were requested to recline in 
bed for a period of one-half hour The figures for the pulse and respira- 
tion rates aie the averages of a five minute count, and the figures for the 
blood pressuie the average for as many deteiminations of pressure as 
could accurately be made m a five minute period Following these 
observations, the basal metabolic rate and temperature were measured 
and recorded Krogh’s appaiatus for recording the basal metabolism 
was used and checked once a week with a subject whose basal metabolic 
rate was known to be normal Schneider’s test for physical fitness ^ and 
determinations of vital capacity were usually next in order, followed by 
the taking of a sample of blood for analysis The addict was then 
requested to pass a sample of urine, and following this he was sub- 
jected to the climb of two flights of stairs, as described by us in a 
previous paper ^ Studies of the reaction to epinephrine and functional 
tests were carried out, as a rule, with the subjects reclining in bed The 
procedure followed in the study of the effect of atropine sulphate on the 
P-R interval was the same as that described in the paper giving the results 
obtained duiing addiction- 

RESULTS 

Our lesults, shown in table 1, indicate that following treatment there 
was no change in the aveiage pulse rate while the subjects were reclining 

1 Schneider, Edward C A Cardiovascular Rating as a Measure of Physical 
Fatigue and Efficiency, JAMA 74 1507 (Mav 29) 1920 

2 Light, Arthur B , and Torrance, Edward G Opium Addiction III 
The Circulation and Respiration of Human Addicts During the A.dministration of 
Morphine, Arch Int Med 43 556 (April) 1929 
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and the aveiage blood piessuies while they weie leclining and standing, 
but tbeie was an average increase of 20 beats pei minute in the pulse 
late while the subjects weie standing and an average increase of 
3 lespiiations pei minute while they weie leclinmg Fifteen of 
the twenty-thiee cases aftei tieatment showed a use in the pulse rate 
while the subjects weie standing as compaied to the average late before 
treatment, m one, the late lemained the same and m foui there was a 
slight deciease 


Table 1 — A Covipaitson of the Cv culation and Rcspuation of Human Opium 
Addicts Befoie and Aftei Tieatment zoith Scopolamine 



Before Treatment 

4fter 'fteatment 

Pulse Bate -n-hile Subject Was Eeclining 

Number of cases 

10 

23 

Higuest 

S4 

90 

Lowest 

12 

50 

Average 

C5 

CS5 

Pulse Bate while Subject Was Standing 

Number of cases 

so 

23 

Highest 

112 

134 

Lowest 

GO 

70 

Average 

TO 

99 

Blood Pressure while Subject Was Beclining 

Number of cases 

40 

24 

Highest 

13S/02 

128/84 

Lowest 

0S/G2 

102/04 

Average 

117/72 

117/74 

Blood Pressure while Subject Was Standing 

Number of cases 

28 

21 

Highest 

138/SO 

118/100 

Lowest 

SS/C4 

90/ GO 

Average 

lOS/74 

109/ 75 

Eespirations 

Number of cases 

43 

20 

Highest 

22 

30 

Low est 

10 

13 

Average 

IS 

21 


Measuiements of the heait made by means of the oithodiagram in 
nine cases befoie and after treatment showed an aveiage decrease in 
the ratio of the tiansveise diametei of the heait to that of the chest of 
from 444 to 412 per cent The aveiage diameter of the aoitic arch 
remained the same, being 4 8 mm aftei treatment and 4 7 mm when 
morphine was being administeied 

Table 2 contains a summaiy of the aveiage changes obtained in the 
blood pressure and the pulse and lespiiation lates following the stair- 
case climbing test both before and after treatment Charts 1 and 2 
show graphically the average absolute readings obtained The response 
to staircase climbing following treatment compared with the lesults 
obtained during the administration of morphine shows that the imme- 
diate increase in the pulse rate was somewhat less than during the 
administration of the drug The increase in the respiratory rate and 
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failure of the use m systolic piessure to the height reached duiing the 
admimstiation of moiphine indicate a slightly pooler i espouse following 
treatment, if the ciiives obtained from a senes of trained athletes under- 
going similar tests aie used to show the response of an adequate cir- 
culation 

Electi ocai diographic studies in a series of eight addicts befoie and 
after tieatment showed no abnormal changes in the confoimation of the 
various waves Theie was a slight deciease in the average P-R inteival 
following treatment, namely, fiom 0 15 to 0145 second At the same 
time, however, the aveiage rate increased following tieatment to 85 
beats pel minute as compared to 75 8 beats during the admimstiation of 
moiphme The effect of the injection of %o gram (3 mg ) of ati opine 
sulphate was no different aftei tieatment fiom that while moiphme was 

Table 2 — A Coiiipai I'son of the Aveiage Inci cases of the Pulse, Systolic Piessuie 
and Respii atwn Rate and Changes m the Diastolic Piessuie m Opium 
Addicts Dm mg Admiinsti ation of Moiphme and Aftei 
Tieatment with Scopolamine 





Before Ireatment 



After Treatment 



Number 

1st 





' 

' 1st 







of 

Read 

1st 

2d 

8d 

4tll 

5th 

Read- 

1st 

2d 

3d 

4th 

5th 


Cases 

ing 

jUin 

lUin 

Mm 

Mm 

Min 

mg 

Mm 

Mm 

Mm 

Mm 

Mm 

Pulse 

9 

62 

37 

20 

13 

11 

12 

57 

34 

15 

C 

4 

4 

Ssstolic pressure 

9 

29 

30 

25 

16 

9 

1 

19 

23 

19 

13 

7 

3 

Diastolic pressure 

9 

—10 

— 7 

—0 

— C 

— G 

—6 

—12 

-7 

O 

—4 

—1 

—0 

Respirations 

9 


5 

2 

1 

1 

1 


9 

3 

3 

2 

1 


Still being admmisteied In both studies the P-R mteival was deci eased 
0 02 second, the avei age deci ease coming at approximately the same 
time, namely, 14 5 minutes before and 12 minutes following treat- 
ment The effect of the ati opine on the heait late was unchanged by 
treatment In both instances, the peicentage of increase of the heait 
rate was 45, and the aveiage tune of the greatest mciease 24 7 minutes 
dm mg the administration of morphine and 22 minutes following the 
ti eatment 

Schneidei’s test of physical fitness showed a decided fall m the 
average number of points scoied following tieatment Seventeen cases 
studied during the administration of moiphme scored an aveiage of 
13 3 points, while the average scoie following treatment was only 6 9 
points Fifteen of the seventeen cases showed this fall m score, one 
case scoring the same number of points, the two lemammg cases showed 
a rise of two points following treatment 

Vital capacities m eight cases averaged practically the same while 
the subjects weie receiving moiphme as compared to the average 
obtained following the admimstiation of scopolamine, namely, 4047 cc 
befoie tieatment and 4 016 cc following tieatment 






BASAL / 2 3 4 S 

READING MIN MIN MIN MIN MIN 

Chart 1 — Average changes m the pulse and respiration rates, in response to 
staircase climbing test in a group of human addicts recen mg morphine and fol- 
lowing treatment with scopolamine In this chart and m charts 2 and 3, the solid 
line indicates before treatment and the broken line, after treatment 



Chart 2 — Average changes m the sjstolic and diastolic blood pressure m 
response to the staircase climbing test in a group of human addicts receiving 
morphine and following treatment with scopolamine 
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The Blood — Results obtained fiom studies of the blood befoie and 
aftei tieatment, given in table 3, show piactically no significant changes 
The aveiage numbei of led blood cells has inci eased slightl), namely, 
177,000 per cubic millimeter when compaied to the lesults obtained 

Table 3 — A Comparison of the Physical and Chemical Properties of the Blood of 
Human Opium Addicts Befoie and After Treatment ivith Scopolamine 



Hemoglobin, 
Gm per 100 Cc 

X 

Erythrocytes, 
Number per O BIm 



Leukocytes, 
Number per C BIm 

A 

Polymorpho- 
nuelears, per Cent 

■- ■_ 



\ t 

\ 

( 





Before After 

Before 

After 

Before 

After 

Before 

After 

Number of cases 

26 19 

29 

10 

33 

10 

28 

7 

Highest 

19 4 18 4 

4,960 

5,100 

15,400 

16,400 

78 

80 

Lowest 

12 0 13 2 

3,610 

4,395 

2,500 

4,000 

33 

45 

Average 

15 2 15 S 

i,533 

4,710 

9,359 

11,160 

61 

01 


Lympho- 

Large 

Eosmo 

Baso 

Blood Urea 


cytes, Mononuclears, 

phils. 

phils. 

Nitrogen, 


per Cent 

per Cent 

per Cent 

per Cent 

Mg per 100 Cc 





A 


_ _A_ _ 




r • y t N 

Befoie After Before After 

f 

Before 

1 f 

After Before After 

Befoie 

After 

Number of cases 

28 7 

28 7 

28 

7 

28 7 

28 

16 

Highest 

63 53 

7 7 

2 

2 

3 2 

24 

20 

Lowest 

20 19 

0 1/0 

0 

0 

0 0 

10 

9 

Average 

34 35 

3 3 

% 

% 

1% Vc 

13 2 

14 



Blood 

Blood 

Blood 

Blood Sodium 


Blood Sugar, 

Uric Acid, 

Lactic Acid, 

Cholesterol, 

Chloride, 


Big per 100 Ce Mg per 100 Ce Mg per 100 Cc 

Big per 100 Ce Big per 100 Cc 


, ^ ^ 

- — A. 

\ 

^ 

A 

"N t 



Before After Before After 

Before 

After 

Before After Before 

After 

Number of cases 

32 16 

22 12 

6 

6 

16 IS 

9 

2 

Highest 

122 1G6 

4 5 4 8 

311 

38 4 

280 274 

670 

500 

I OWPSt 

72 80 

24 24 

201 

22 6 

168 120 

4S0 

490 

Average 

97 100 

33 34 

25 0 

318 

208 198 

511 

525 



Serum Phosphate, 



Carbon Dioxide 


Serum Calcium, 

Big ofPhosphoius 


Capaeitv of Plasma, 


Big per 100 Cc 

A 

per 100 Cc 

. - A 

Pit Plasma per Cent by Volume 


( 

Before After 

Before 

After 

Befoie After 

r 

Before 

After 

Number of eases 

14 5 

11 

5 

20 

10 

20 

10 

Highest 

14 4 13 1 

32 

28 

7 51 

7 45 

71 

03 

Lowest 

9 8 101 

26 

22 

7 28 

7 33 

1) 

48 

Ai enge 

10 9 11 7 

28 

26 

7 36 

7 11 

57 7 

52 


Dry Matter of 

Drv Matter of 

Drv Blatter of 

Red Blood 


Whole Blood, 

Plasma, 


Cells, 

Cells, per Cent 


per Cent 

-K 

per Cent 

_ .A 

per Cent 

A 

bj Volume 


Before After 

t 

Before 

After 

Before After 

t 

Befoie 

After ' 

Number of cases 

22 17 

15 

11 

7 

8 

0 

10 

Highest 

22 7 23 6 

10 2 

10 4 

48 0 

418 

38 7 

49 0 

Lowest 

15 7 IS 0 

53 

68 

38 2 

SS 3 

34 0 

30 0 

Average 

20 1 21 49 

84 

9 01 

412 

40 2 

30 2 

39 4 


befoie treatment The number of white cells has also inci eased from 
an aveiage of 9,359 to 11,166 Hemoglobin, diffeienbal counts of the 
white cells and determinations of urea nitiogen, sugar, uric acid, choles- 
terol, whole blood chloiide, seium calcium and seium phosphate all show 
aveiage lesults similai to those obtained duiing addiction Dry matter of 
the plasma and of the whole blood has increased slightly, with a slight fall 
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in the di}^ mattei of the cells The aveiage pn of the blood has iisen fiom 
7 36 to 741 following tieatment, the caibon dioxide capacity of the 
plasma having fallen from 57 7 to 52 pei cent by volume The average 
per cent b}^ volume of the led blood cells has increased slightly from 
36 2 to 39 4, while the lactic acid of the blood also shows a slight increase 
following tieatment fiom an aA'^eiage of 25 to 31 mg pei bundled cubic 
centimeteis of blood 

Sedimentation tests in twelve cases before and aftei tieatment 
showed paiallel curA^es indicating no change Studies of the viscosity of 
the blood m five cases shoAved no difterence befoie and after treatment 

Metabolism — The basal metabolic lates of ten addicts obtained dui- 
ing the admmistiation of moiphine and again after tieatment lemained 
stiikmgly constant The aveiage lange befoie tieatment Avas betAveen 
— 9 and -\-9 and following tieatment betAveen — 14 and -\-9 Indi- 
Audual deteiminations shoAA'^ed the loAvest and highest lates befoie treat- 
ment to be — 26 and + 28 and folloAvmg treatment — 28 and -(- 26 

Changes in Weight — The loss of AA'eight dm mg treatment m some 
cases Avas sti iking Twenty patients Avhose Aveights were taken just 
befoie and after tieatment shoAved an average loss of 7 pounds 
(3 2 Kg) The greatest loss was 18 pounds (8 2 Kg), AAdiile one 
patient actually gained 3 pounds (14 Kg ) The othei eighteen cases 
showed losses of AA^eight of from 2 to 12 pounds (0 9 to 5 4 Kg), 
1 espectively 

Tenipei atui c — Tempeiatuies taken in a senes of 100 addicts during 
treatment and for a period of thiee days folloAving the cessation of the 
admmistiation of scopolamine showed a slight rise for foity-eight hours 
111 seventy-eight of the cases The highest tempeiatuie recorded AAi’as 
100 8 F, the aA^erage maximum tempeiatuie in the seventy-eight cases 
being 99 4 These patients Aveie all free fiom abscesses and intei current 
infections This slight use m temperatuie larely continued foi moie 
than forty-eight houis, although one addict had an aveiage tempeiatuie 
of 99 2 foi a peiiod of fiA^e days, AAdiich lose at times to as high as 100 

The Kidneys — The urines of 100 addicts shoAved a definite use in 
the aA^eiage specific gravity of fiom 1018 to 1026, with a distinctly 
lower twenty-foui hour output folloAVing tieatment In tAAm cases, a 
tiace of sugai Avas found Avith Benedict’s test following tieatment 
Thiity-tAvo cases shoAA’'ed the piesence of fiom a tiace to a light cloud 
of albumin, ten cases showing a few gianular and hyaline casts Sper- 
matozoa Avere frequently found in the uiine folloAving tieatment 

Phenolsulphonphthalem tests in eight cases studied before and aftei 
treatment shoAved an aAeiage tAvo houi elimination of 64 per cent of 
the dye befoie treatment and of 48 pei cent aftei treatment Five of 
these eight cases shoAved albumin in the mine folloAvmg treatment, one 
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case showing a light cloud The latter patient eliminated 49 pei cent of 
the d>e befoie treatment and only 16 pei cent following treatment dur- 
ing the two hour peiiods The othei seven cases showed slight deci eases 
in the amounts excieted aftei tieatment compaied to the lesults obtained 
dill mg the admmistiation of moiphine 

The Liver — The phenoltetrachlorphthalein test carried out in foiii 
cases showed no delay m the disappeai ance of the d}'e m two hours 
either befoie or aftei tieatment Van den Bergh’s tests lemamed 
negatne in fom cases both befoie and aftei tieatment An aieiage 
icteius index of 6 1 was obtained following tieatment as compared to 
an aieiage of 5 5 obtained befoie tieatment 



Chart 3 — Average blood sugar response to the injection of 1 cc of epinephrine 
Iwdrochloride (1 1,000) in a group of human addicts receiving morphine, and 
alter treatment with scopolamine 

Blood Sugai Response to Epinephrine — Chait 3 shows giaphically 
the blood siigai i espouse in a series of five addicts who weie given 1 cc 
of 1 1,000 epinephrine hy di ochloi ide both befoie and aftei treatment 
The cuives show that the blood sugai content uses slightly higher fol- 
lowing treatment as compared to the rise while morphine is being admin- 
istered Detei minations of blood piessuie weie also made, but the 
results wei e so vai lable as to make any compai ison doubtful in value 

COMMENT AND LITERATURE 

The interpretation of our lesults in the light of the behavioi and 
appeal ance of the addicts following tieatment is extiemeh' difficult 

The effect of the diastic purgation and the scopolamine itself must 
be consideied in the pioduction of the changes obseived, but in general 
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our observations following treatment aie more oi less similar to those 
obtained dining a senes of studies made following a forty-eight hour 
peiiod of abrupt withdiawal without the substitution of any othei diug® 

Lambert and Tilney ^ studied the blood of a series of opium addicts 
befoie and during treatment with narcosan The}- did not find aii} 
chang-es m the uric acid and cieatmme of the blood eithei before or dur- 
mg tieatment Wide fluctuations of the blood sugai, which we interpret 
as being standaid, are reported one hour after breakfast A\as taken 
Our blood sugar values remained constant in specimens taken befoie 
and aftei treatment while the addict was fasting Lambeit and Tilne} •* 
also found considerable fluctuation of the carbon dioxide chemically 
bound in the plasma and detected an increase in acidosis foi the first 
thiee days of treatment In the majoiity of our cases, the average pn 
of the blood shows a tendenc}’- foi a slight increase in the alkalinity 
following tieatment Our blood cell deteimmations are similar to those 
obtained by Lambeit and Tilney except that we encountered certain 
slight degiees of leukocytosis before treatment was begun Our uiinar} 
observations are also identical with those of Lambert and Tilne} ^ 

In a comparative study of the efficiency of the narcosan treatment 
with the routine tieatment employed in the Colorado Ps}chopathic Hos- 
pital, Johnson ° was unable to detect any significant changes m the blood 
He found but one abnoimal blood sugai \alue, while his figures for 
blood uiea nitrogen were well within noimal limits Johnson found a 
leukoc}tosis in most cases during naicosan tieatment, the actual figuies 
obtained ranging between 5,400 and 19,300 cells 

Immediately following tieatment, the appeal ance and behavioi of 
the addicts are misleading It has been our frequent experience to hai e 
two addicts m the ward whose needs were supplied i\ith the same 
amount of moiphme and who were given identical tieatment at the same 
time At the end of the fouith day, one addict will be up and about 
the waid with the declaiation that he feels fine and will eat well and 
boastfully proclaim that he is through wnth the drug The other addict 
wall remain m bed, lefuse food, appear miserable and complain bitterl} 
of extreme w^eakness and nervousness We believe that fiequently 
neither of these twm types is expiessing or acting his leal self The 
addict wdio proclaims his w^ell-being may oi may not show the few^ posi- 

3 Light, Arthur B, and Torrance, Edward G Opium Addiction VI 
The Effects of Abrupt Withdrawal Followed b}- Readmmistration of Morphine in 
Human Addicts with Special Reference to the Composition of the Blood, the 
Circulation and the Metabolism, Arch Int Med 44 1 (luhO 1929 

4 Lambert, Alexander, and Tilney, Frederick Treatment of Narcotic Addic- 
tion bj Narcosan, M I & Rec 124 764 (Dec IS) 1926 

5 lohnson, George S The Use of Narcosan in the Treatment of Drug 
Addiction, Colorado Med 24 347 (Nov ) 1927 
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tive changes we have previously noted We are convinced that a good 
deal of this behavioi is feigned, and that the addict is tiying to gain his 
dischaige in oidei that he may letuin to his fi lends who will again 
supply him with diugs 

The othei addict who complains of being so miserable and weak and 
neivous may or may not show any of the positive symptoms previousl} 
mentioned This behavior is fiequently found in addicts who aie penni- 
less and who do not know wheie to tuin for diugs when discharged 
fiom the waid 

It IS dining this peiiod of the addict’s stay in the waid that oiii 
method of tieatment is chaiactenzed as being the best oi the woist that 
the addict has ever undeigone 

Few of oui addicts have not had treatments befoie Many of them 
have tiled eveiy method employed foi the tieatment of naicotic addiction 
Their comments as to the efficacy of these various foims of tieatment 
aie totally unieliable It is our opinion, howevei, fiom the nunibei of 
addicts who have come to us from othei institutions and the fact that 
50 pel cent come back to us foi another tieatment, that present methods, 
including oui own, lea-ve much to be desiied 

CONCLUSIONS 

Studies of a senes of opium addicts befoie and aftei tieatment with 
scopolamine levealed the following positive changes loss of weight, 
slight use 111 tempeiature, appeal aiice of albuniiiiui la, slight leuko- 
cytosis, slight concentiation of the blood, a use in the pn of the blood, 
a rise m the lactic acid of the blood, a fall in the caibon dioxide capacit} 
and a fall in the total number of points scoied with Schneider's test ot 
physical fitness 

No significant changes weie found in a compaiison of the pulse, 
lespiiation lates and blood pressuie while the addict was leclining, heart 
measui ements, electrocai diogi aphic studies, staiicase climbing tests 
effect of ati opine sulphate on the P-R inteival, vital capacities, blood 
tiiea nitiogen, blood sugar, blood uiic acid, blood cholesterol, whole 
blood chloiide, seium calcium and phosphate, blood viscosity, sedimen- 
tation tests, basal metabolism, phenolsulphonphthalein tests, plienol- 
teti achloi phthalein test of livei function, icteius index, ran den Beighs 
tests, and response of the blood sugai to epmephime 

The few positive observations do not coincide with the geneial 
appeal ance and behavior of the addict He may piesent some or all of 
the foiegomg positive symptoms and yet appear and behave as though 
he weie iioimal On the other hand, he may give the appearance of one 
wlio IS quite ill and yet not show any of the foiegoing positive symptoms 



BLUEBERRY LEAF EXTRACT OVERDOSAGE 


LEONARD BENJAMIN SHPINER BS 

CHICAGO 

In a lecent papei ^ I conoboiated the woik of Allen ^ on bluebeiiy 
leaf extiact now called ‘'m3itomel,” and extended it fiiitlier by investi- 
gating its effect on thyioid hypeiglycemia and glycosuria Because of 
the possible demand foi bluebeiry leaf extiact in treating patients with 
mild diabetes, it seemed impel ative at this time to study the effect of 
o^ei dosage with bluebeir}’' leaf extiact, paiticulaily since von Nooiden ® 
published data puipoitmg to show that this ding causes focal necrosis in 
the liver following intravenous injection It seemed to me that this 
method of biologic assay is unwai ranted, since the prepaiation of the 
drug available at the present time is too crude foi pai enteral, least of 
all intravenous, injection Because of these considerations, it seemed 
impoitant to deteimine whether the oial administration of the drug in 
dosages eien gi eater tlian those piesciibed for man exeited any detect- 
able deleterious effect 

METHODS 

Four dogs vere put on a daih standard diet of 250 Gm of beef heart, 100 Gni 
of bread and 250 cc of milk This diet, sufficient for their caloric needs, was 
not changed during the course of the experiment The total output of urine 
vas recorded and samples were taken for daily analysis Toluene was used as a 
preservative to minimize bacterial decomposition At the time the samples of urine 
were taken, from 5 to 6 cc of blood was withdrawn from the saphenous vein and 
put in tubes containing powdered potassium oxalate as an anticoagulant 

To test qualitatively for urinary sugar, Eehhng’s or Benedict’s reagents w'ere 
used If the tests were negative, the samples were discarded, if positive, the 
amount of blood and urinary^ sugar w^as determined by the method of Fohii-Wu, 
two determinations being made on each sample 

The Fohn-Wu method w'as used to determine the amount of blood sugar Tw'O 
blood sugar determinations w ere made dailv, the average being recorded as the blood 
sugar le\el for that dav 

Control experiments w'ere made on the animals three or more days before 
preparing them for initial experiments 

Submitted for publication, Dec 23, 1928 

""From the Hull Ph\ siological Laboratorv, University of Chicago 

'"Aided by a grant from the Frank Billings Aledical Research Club, Chicago 

1 Shpincr, L B Am J Physiol 84 396, 1928 

2 Allen F M Blueberrx Leaf Extract Physiologic and Clinical Properties 
III Relation to Carbohidrate Metabolism, J A j\I A 89 1577 (Nov 5) 1927 

3 Yon Noorden, C Die Zuckerkrankheit und ihre Behandlung, Berlin, 
^ Hirschwald, 1927 Blueberry Leaf Extract Preliminary Report of Council 
on Pharmacy and Chemistry J A M A 89 1607 (No\ 5) 1927 
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The effect of over dosage with blueberry leaf extract was studied on two normal 
and two partially pancreatectomized dogs After a control period of three or more 
days, the dogs were operated on Pieces of liver and pancreas were removed for 
microscopic examination In performing a partial pancreatectomv, nineteen 
twentieths of the pancreas was removed, the remnant being connected to the 
duodenum through the duct of Santorini At the conclusion of the experiment, 
a biopsy was again performed The removed hepatic and pancreatic tissue was 
fixed, stained and compared with the sections of the liver and pancreas taken 
from the animal when it was in a normal state 

In studying the effects of blueberry leaf extract,^ from six to twelve tablets (S 
grains [0 324 Gm ] per tablet) were gnen at least one hour before feeding time 
This dosage represents from two to four times the dosage of blueberry leaf extiact 
necessary for its therapeutic effect in man 

Sections of the pancreas were fixed wuth Bensley’s ■’ A O B and stained for 
study of islet tissue, and also wuth hematoxylin and eosin Sections of the li\er 
were stained with Best’s ” carmine method for glycogen 

Phenolsulphonphthalein was used in studying renal function The drug was 
administered intravenously, and collections of urine for a study of the rate of 
elimination of the dye w'ere limited to one hour 

(a) Noimal dogs weie fed a contiol diet foi twelve days The 
low blood sugar content was 80 mg per hundred cubic centimeters , the 
high content was 90 mg The urine did not contain sugar The avei- 
age volume of urine was 250 cc The aveiage amount of phenol- 
sulplionphthalein excreted in the first hour was 76 6 pei cent 

(b and c) A piece of liver and panel eas was lemoved for micio- 
scopic examination In the postopei ative peiiod (seven days) the dogs 
were maintained on a high fluid diet plus six tablets of blueberiy leaf 
extract The low blood sugar content was 84 mg per bundled cubic 
centimeters, the high content was 91 mg The mine did not contain 
sugar The aveiage volume of urine was 202 cc The aveiage excietion 
of phenolsulphonphthalein in the first hour was 80 per cent 

(d) A control diet plus six tablets of bluebeiiy leaf extiact weie 
given for eight days The low blood sugar content was 85 mg per hun- 
dred cubic centimeters, the high content was 92 mg The mine did not 
contain sugar The average volume of mine was 316 cc The aveiage 
amount of phenolsulphonphthalein excieted m the first hour was /6/ 
per cent 

(e) A contiol diet plus twelve tablets of blueberiy leaf extract weie 
given foi fifteen days The low blood sugai content was 81 mg per 

4 The blueberry leaf extract used in these experiments was furnished by 
E R Squibb & Sons, New Brunswick, N J 

5 Bensley, R R Harvey Lectures, 1914-1915, p 250 The formula for 
Bensley’s A O B fixing fluid is glacial acetic acid, 1 drop , 2 parts of 2 per cent 
aqueous solution of osmic acid, and 8 parts of 3 per cent potassium bichromate 

6 Best Pathological Technique, ed 8, Philadelphia, jMallory & Wright, 
1924, p 199 
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hundred cubic centimeters , the high content was 89 mg The urine did 
not contain sugar The average volume of urine was 280 cc The 
aAeiage secretion of phenolsulphonphthalein in the first hour was 78 7 
per cent 

(f) A control diet plus six tablets of blueberiy leaf extract were 
given foi eight days The low blood sugar content was 82 mg per 
hundred cubic centimeters , the high content was 85 mg The urine did 
not contain sugai The ar'^eiage volume of urine was 280 cc The aver- 
age excretion of phenolsulphonphthalein m the fiist hour was 76 6 
per cent 

{g) A control diet and bluebeir} leaf extiact were given foi eight 
daj'S At the end of this time, the low blood sugar content was 84 mg 
per hundred cubic centimeters , the high content was 90 mg The urine 
did not contain sugar The a\eiage volume of uiine was 316 cc The 
aveiage amount of phenolsulphonphthalein excieted in the first hour was 
78 3 per cent 

(//) A control diet plus twelve tablets of blueberry leaf extiact were 
given for fort} -three days The low blood sugar content was 83 mg per 
hundred cubic centimetei s , the high content was 98 mg The urine did 
not contain sugai The average volume of urine was 316 cc The 
average excretion of phenolsulphonphthalein in the fiist hour was 77 
per cent 

At the end of the expeiinient, a piece of In er and one of pancreas 
uere fixed, stained and examined microscopically 

As can be seen fiom the results given, blueberry leaf extract in from 
two to four times the therapeutic dose has no effect on normal dogs Tue 
blood sugar lemains noimal and there is a slight polyuiia, but the rate of 
the excretion of phenolsulphonphthalein remains within normal limits 
Duiing the expeiimental period, the terapei attire, pulse, respiration and 
bod} t\ eight do not vaiy fiom the noimal Microscopic examination of 
the pancreas fixed and stained with the A O B method and hematoxylin 
and eosm shows no increase m the islet or acinar tissue Sections of 
the pancreas resemble normal pancreas taken during the control period 

Best’s carmine method foi glycogen leveals neither an increase nor 
a deciease in glycogen content of the liver cells 

The results obtained on the partially pancreatectomized dogs (nine- 
teen-tuentieths) were as follow^s 

(g) a dog was fed a control diet for six days, The low blood 
sugar content w^as 80 rag per hundred cubic centimeters , the high con- 
tent w as 86 mg The urine did not contain sugar The average volume 
of urine w'as 317 cc The average excretion of phenolsulphonphthalein 
in the first hour was 78 3 per cent 
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(b and c) A subtotal panci eatectomy was performed (nineteen- 
twentieths of the gland was lemoved) In the postopei ative contiol 
period (c) the animal was given a fluid diet plus six tablets of bluebeii}- 
leaf extiact foi five days The low blood sugar content was 85 mg pei 
hundied cubic centimeters , the high content was 130 mg The mine did 
not contain sugar The average volume of urine was 216 cc The avei- 
age amount of phenolsulphonphthalein excreted was 80 per cent 

(d) An animal was fed a control diet plus six tablets of bluebeiry 
leaf extiact for ten days The low blood sugar content was 98 mg pei 
hundied cubic centimeteis , the high content was 130 mg The mine did 
not contain sugar The aveiage volume of urine was 351 cc The avei- 
age amount of phenolsulphonphthalein excreted in the fiist houi was 
80 per cent 

(e) An animal was fed a control diet plus twelve tablets of bluebeuy 
leaf extiact for seventeen days The low blood sugar content was 
91 mg per hundied cubic centimeters , the high content was 97 mg The 
urine did not contain sugar The average volume of uiine was 335 cc 
The average excretion of phenolsulphonphthalein in the first hour was 
79 per cent 

(/) A contiol diet plus six tablets of bluebeiry leaf extract weie 
given the animals for seven days The low blood sugar content was 
82 ing per hundied cubic centimeteis with a high content of 89 mg The 
urine did not contain sugar The average volume of uiine was 426 cc 
The aveiage excretion of phenolsulphonphthalein in the first houi was 
77 5 per cent 

(g) A control diet of twelve tablets of bluebeiiy leaf extiact was 
given for eighteen days The low blood sugar content was 88 ing per 
hundred cubic centimeters , the high content was 102 mg The urine did 
not contain sugar The average volume of uiine was 439 cc The 
aveiage excretion of phenolsulphonphthalein in the first hour w^as 77 
per cent 

(h) A control diet without bluebeiry leaf extiact w^as given to the 
dogs foi seven days The low blood sugar content was 90 mg per bun- 
dled cubic centimeters, with a high content of 98 mg The mine did 
not contain sugar The average volume of urine was 417 cc The aver- 
age amount of phenolsulphonphthalein excreted in the fiist hour was 
77 5 per cent 

(i) A control diet plue twelve tablets of blueberry leaf extract were 
given for fourteen days The low blood sugar content w'^as 86 mg per 
hundied cubic centimeters, the high content was 98 mg The urine did 
not contain sugar The average volume of urine was 408 cc The average 
excretion of phenolsulphonphthalein in the first hour was /8 per cent 

At the end of the experiment a piece of pancreas and a piece of liver 
were removed, fixed, stained and examined microscopicall}'’ 
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Removal of nineteen-twentieths of the pancieas leads to diabetes, in 
the dogs kept on doses of blueberiy leaf extract, howe^el, diabetes did 
not develop The experiment coiioborated lesults obtained b} Allen on 
similar dogs In only one of the dogs did hyperglycemia develop attei 
lemoval of the bluebeir)'- leaf extract from the diet But on subsequent 
feeding of blueberiy leaf extract followed by its removal from the diet, a 
hyperglycemia and glycosui la did not again develop During the expei i- 
mental period, the temperature, pulse, respiiation and bodv weight did 
not vary from those of the normal period 

Here, as well as in normal dogs, no derangement of kidnev function 
was noted The hyperglycemia and glycosuria were controlled by the 
feeding of blueberry leaf extract, and the excietion of phenolsulphon- 
phthalein dye lemained within normal limits 

Microscopic sections of pancreas, as examined by Benslev 's A 0 B 
method and hematoxylin and eosm, showed regeneiation of acinar, but 
not of islet tissue 

Sections of the liver examined by Best’s carmine stain showed 
about the same amount of glycogen as in the sections of normal livei 
This indicates that there was no depletion in the amount of glycogen in 
the liver following the period of paitial pancreatectomy plus the feed- 
ing of blueberiy leaf extract Fuitheimore, theie was no indication of 
focal necrosis 

COMMENT 

The results m my experiments indicate that overdosage with blueberry 
leaf extiact (myrtomel), both in normal and in partially pancreatecto- 
mized dogs, is without detectable effect Assuming that the aveiage 
weight of a dog is one-fifth that of man, I have fed dogs, on the basis of 
body weight, twenty times the therapeutic dose over a period repi esenting 
4 9 per cent of the life span of man without any noticeable untouard 
systemic effects 

CONCLUSIONS 

On the basis of my experiments I conclude that 

Blueberry leaf extract is nontoxic to noimal and paitially paiiciea- 
tectomized dogs when administered oially in what ma}’’ be considered 
excessive doses 

Its clinical trial in diabetes, therefoie, is not fraught with a ly unde- 
siiable effects or possibilities 



THE RETICULOCYTE COUNT IN NORMAL AND IN 
ABNORMAL CONDITIONS 

ALFRED FRIEDLANDER, MD 

AND 

CHARLOTTE WIEDEMER, MD 

CINCINNATI 

Since the advent of vital staining, interest in the reticulocyte count 
as one index of regeneiation of the blood has been much heightened 

Among the eailiei investigators to study leticulation was Ehrlich,^ 
who by means of a diied blood film stained with a saturated solution 
of meth}lene blue ( methyl thiomne chloride, U S P ), desciibed nets 
in the red corpuscles m noimal blood and m anemia Twelve yeais 
latei Askanazy “ noted a leticulated substance m the eiythiocytes of 
a rapid!) progiessive anemia In 1901, Levaditi ’ began the use of 
a brilliant ciesyl blue as a vital stain, but did not mention reticulation 
From 1907 to 1913 much work was done on leticulation A brief sum- 
maiy of these studies will be found m Cunningham’s aiticle'^ In his 
own work Cunningham'* found that peimanent preparations could he 
made by combining a vital stain with Wright’s stain He thought that 
the ease and simplicity of this method would bung the study of leticu- 
lated ei ) tlirocytes within the scope of routine blood examinations In 
this method a small drop of 0 3 or 0 5 pei cent solution of brilliant 
cresyl blue is placed on a clean slide oi cover glass, smeared around 
o\et an area of 1 5 cm and allowed to dry A diop of blood on a 
cover-slip is then diopped face down on the area of dried stain Aftei 
drying, the film is stained with Wright’s stain This method is similai 
to that advocated by Hawes ^ in 1909 

Man) authors use this method also for the counting of the leticulo- 
cytes One thousand red cells are counted in fields of about lift), the 
reticulated cells seen during the counting piocess being enumeiated 
This method is open to the ciiticisms that the dye or cells oi both 
may not be evenly spiead, that some of the reticulated cells may wander 
to the edges and that the dye might not penetrate a thick specimen 

Foi these leasons and foi the purpose of securing the greatest 
possible accuiacy m reticulate counts, we have adopted another method 
to be desciibed presently 

"" Submitted for publication, Jan 26, 1929 
From the Department of Internal Medicine, College of Medicine, University 
of Cincinnati 

1 Ehrlich, P Berl klm Wchnschr 3 43 , 1881 

2 Askanazy, S Ztschr f khn Med 23 80, 1893 

3 Levaditi, C J de physiol et de path gen 3 425, 1901 

4 Cunningham, T D Method for Permanent Staining of Reticulated Red 
Cells, Arch Int Med 26 405 (Oct ) 1920 

5 Hawes, J B , Jr Boston M & S J 161 493, 1909 
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Krumbhaar ® drew the blood to be counted into a leukoc} te counting 
pipet, using a dilute solution of brilliant cresyl blue as the diluent 
After thorough shaking, a wet cover slip preparation is made from 
the content of the pipet, imged with petrolatmn and then counted in 
the usual manner, counting 1,000 cells 

Seyf arth ' used a f i esh pi eparation with a square covei glass and 
an ocular graduated for counting He emphasized the fact that stained 
slides are not good for the counting of reticulocytes, as the methyl 
alcohol fixation causes some of the granules to disappear He also 
thought that the centrifugation methods of Abrami and Biule are not 
applicable for reticulocyte counting After centrifugation the gianule- 
containmg cells are not evenly distiibuted throughout the entiie mass 

McCord,® desiring a quick and approximately quantitative method 
to be used chiefly among lead workeis, used the following He made a 
thick smear of blood and, without fixing, stained with a dilute solution 
of a modified Manson’s methylene blue With this stain, only the 
shadowy outlines of the normal erythrocytes are seen, while the reticulo- 
cytes and stippled cells show blue reticulation or granules within this 
outline He then counted the number of such cells in ten oil immersion 
fields and took the average number per field The objections to this 
method are that it is not accurately quantitative and that the stain is 
lelatnely unstable We have found that a solution of polychrome 
methylene blue will give the same results, and that it is much more 
stable 

METHOD 

The method we have worked out has been described in a previous 
paper ® Because of its simplicity, and because of recent modifications, 
it IS described in detail heie 

A specific pipet for the making of a blood dilution of 1 20, instead of the usual 
white cell pipet (dilution 1 10), is used A microscopic objective, giving a mag- 
nification higher than the ordinarj' 4 mm lens, is of advantage A¥e ha\e used 
a no 7 Leitz or a DD Zeiss The oil immersion lens cannot be used 

The solutions needed are 

1 A 1 per cent aqueous solution of brilliant cresyl blue We have used the 
Gruebler, natural aniline and Coleman-Bell djes The Coleman-Bell d\e 
has gnen the best results 

2 A diluent solution containing 06 Gm of sodium chloride and 0 2 Gm of 
potassium oxalate to 100 cc of distilled w-ater 

6 Krumbhaar, E B J Lab &. Clin Med 8 11, 1922-1923 

7 Seifarth, C Folia haemat 34 7, 1927 

8 AIcCord, C P The Basophilic Aggregation Test in Lead Poisoning J A 
M A 82 1759 (Alaj 31) 1924, Bull U S Bureau Labor Statistics, April, 1928, 
no 460 

9 Fnedlander, A and Wiedemer, C Basophilic Aggregation in Kew-Bo'’n, 
\m J Dis Child 30 804 (Dec) 1925 
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These are the stock solutions They can be kept indefinitely in a cool place 
As needed, another dilute solution is made up as follows 

Two cubic centimeters of the brilliant cresyl blue solution (solution 1) is added 
to 8 cc of the diluent solution (solution 2), which makes a 02 per cent solution of 
brilliant cresyl blue This solution (solution 3) must be made up fresh about 
once a week It is necessary to vary the dilution from time to time, depending on 
the dye used 

The blood is drawn up to the 0 5 mark of the pipet with a dilution of 1 20, then 
it is diluted to the 21 mark with the 02 per cent brilliant cresyl blue solution 
(solution 3) The pipet is shaken thoroughly, allowed to stand for ten minutes 
or more and then shaken well again The blood is then ready for counting The 
ordinary counting chamber is used, and the squares are counted as they are in the 
ordmarj white cell count In calculating the result it must be remembered that 
the dilution is twice that of the ordinary white cell count The blood, diluted in 
this way, may stand twenty-four hours without injury to the cells, but after thi'^ 
period the count is not accurate To count the reticulocytes, it is necessary to 
have a good light, preferably artificial, and an especially high magnification drj 
lens as before mentioned With this dilution of stain, the white blood cells stain 
dark blue The red cells have a pale yellow cast, but show up blue The reticulo- 
cytes are easily recognized by the blue reticulum or granules in their cytoplasm 
The various forms of reticulocytes, as enumerated by Seyfarth,^ aie brought out 
distinctly These vary from the earliest forms, with dense reticulum in the center 
of the cells so that they resemble normoblasts, to the more mature forms showing 
only a few scattered basophilic granules 

When normoblasts or megaloblasts are present, there is a distinct difference in 
staining reaction between the nuclear and reticular material The nuclear material 
stains purple, the reticular substance stains blue 

This method ovei conies the chief objections to the Cunningham 
method,^ which is the method in geneial use In the Cunningham 
method the stain does not come m contact with all cells of the blood 
droplet, and the i eticulocytes are not evenly distributed ovei the slide 
It is much simpler than counting 1,000 led cells m a stained prepaiation 
As a matter of fact, by this method a reticulocyte count can be done 
as easily, and almost as quickly, as a white cell count after some expe- 
rience has been had with the method 

EXPERIMENTAL STUDIES 

The figures as to the reticulocyte count in noimal peisons, as given 
in the literature, show gieat variations It is even stated that the normal 
reticulocyte count luns to 1 oi 15 per cent of the led cell count On 
a basis of 5,000,000 led cells, this would mean an average of fiom 
50,000 to 75,000 i eticulocytes per cubic millimeter foi the noimal person 
We aie convinced that these figures aie much too high As a basis 
foi our studies of the reticulocyte count in pathologic conditions, and 
as a test of our method, we made complete blood counts, including 
leticulocyte counts, on ninety-thiee peisons, all in good health as far 
as we could ascertain In addition to the complete count, the reticulo- 
cyte count was done, in each instance, by tin ee methods, i e , 
Cunningham’s, McCord’s and our own 
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As oui figuies for the leticulocyte count, however, were lower than 
those usually given in the hteiature, the ciiticism of our method was 
made that the diluting stain hemolyzed the reticulocytes This would 
give us lower counts A pi wit we felt that this ciiticism was probably 
not justified because, as has been shown b)'' Buckman and MacNaugher,^“ 
reticulocytes, except in pernicious anemia, are less fragile than mature 
ervthrocytes To meet this ciiticism, howevei, we made parallel counts 
on seventy-two of the normal peisons studied In one red cell count 
ve used the Hajem’s solution as oidinanly employed In the othei, 
we used, as the blood diluting fluid, the 0 2 per cent biilhant cresyl blue 
solution, as used foi our leticulocyte counts These red cell counts, 
as shown by oui studies, vaiy only between experimental limits 

The leticulocyte count on noimal persons is also compaied in the 
accompanying tables, as done by the Cunningham, McCord and our 
method One senes of counts was made during the winter months, 
a ‘='econd was made during the spiing months In forty-six normal 
persons studied dm mg the wmtei months (from November 17 to March 
10), the counts ran as follows Cunningham, fiom 0 to 0 7 per cent, 
aveiage 0 22 per cent, McCord, from 0 to 1 8 per cent, average 04 
pel cent, Friedlander and Wiedemer, fiom 0 to 0 1 per cent, aveiage 
0 03 per cent In foity-seven normal persons studied during the spring 
months (fiom March 10 to May 30). the figures were as follows 
Cunningham, from 0 to 1 pei cent, average 0 3 per cent , McCord, 
fiom 0 2 to 17 pel cent, aveiage 0 78 pei cent,, Fiiedlander and 
Wiedemei, from 0 03 to 0 4 pei cent, aveiage 018 per cent 

It will be noted that during the winter months, the counts on 
no’^mal persons were seven times as high bj- the Cunningham method 
as h} our method, during the spiing months, they were twice as high 
In each instance figures foi the McCoid method were twice as high 
as those for the Cunningham method 

M’e aie convinced, as shown by oui accurate quantitative counts, 
that the figuies as oidmarily repoited foi the reticulocyte count in 
noimal persons aie much too high We believe that the leticulocyte 
count in noimal persons luns fiom about 003 to 0 2 per cent, that is, 
from 1,500 to 10,000 i eticuloc> tes per cubic milhmetei, depending on 
the time of the }eai We are also inclined to the belief that by our 
method the leticulocyte counts on normal persons run much more con- 
sistent!} than b} the Cunningham method, which gi\es a much gi eater 
Aariation than we obtain 

The foiegoing counts weie done on healthy adults of both sexes 
be^^veen the ages of 20 and 50 Most of them veie physicians, nurses 
and medical students The counts vere begun in the winter and all 

10 Buckman T E , and !MacXaugher, E J N Research 44 61, 1923 
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lan low — from 1,000 to 2,000 reticulocytes pei cubic millimetei As 
the woik continued into the spring months, the counts began to run 
highei, up to 20,000 Thinking that theie might be a definite seasonal 
vaiiation, we made lechecks of counts on peisons on whom the counts 
had been made dm mg the wintei months The lesults in sixteen of 
the peisons studied aie shown in table 1 

In each instance, compaiative counts on the same peison made 
dining the wiiitei and spring months aie shown on the same line of table 


Tabll 1 — Reticulocyte Counts on Noimal Adult i Dunng Wintci and Sjning 

Months 


Patient 

; Date 

Red Count 

Reticulocyte 

Count 

Date 

Red Count 

Reticulocj te 
Count 

5 

Jan 0 

4 810 000 

800 

April 5 

0,000,000 

10,000 

31 

Jan 13 

4,800,000 

400 

April 11 

3,500,000 

10,800 

70 

Jan 0 

0,480,000 

0 

April 11 

0,050,000 

3,000 

OS 

Jan 7 

0,100,000 

0 

Apnl 21 

5,400,000 

21,000 

29 

Peb 16 

4,940,000 

COO 

April 11 


8,400 

30 

Peb 10 

5,410,000 

800 

April 4 


10,000 

32 

March 7 

4,020,000 

1,000 

April IS 

4,940,000 

10,000 

34 

March 7 

4,080,000 

1,600 

April 1 

21,000 

36 

March 8 

5,820,000 

4,000 

April 9 


5,000 

38 

March 8 

4,990,000 

3,000 

April 12 


21,000 

39 

March 8 

4,120,000 

2,000 

April 12 


11,200 

45 

March 10 

5,490,000 

2,000 

April 29 

6,020,000 

4,400 

47 

March 10 

5,240,000 

4,000 

April 9 


21800 

48 

March 11 

4,100,000 

2,800 

April 11 


12,000 

51 

March 11 

4,970,000 

2,400 

April 12 


0,000 

52 

March 11 

3,790,000 

2,000 

April 12 


0,000 


Tablf 2 — Repeated Reticulocyte Counts in a Fonnal Adult 


Date 

3120127 
3/21/27 
3/22/27 
3/23/27 
3/28/27 
4/13/27 
4/20/27 
5/ 3/27 
5/17/27 
5/25/27 
G/25/27 
7/25/27 
10/14/27 
3/ 5/2S 


Hemoglobin, 
Per Cent 

70 


80 

SO 


White Count 
5,000 


0,100 


Red Count 
4,400,000 


4.870.000 

4.680.000 


Reticulocj te 
Count 

3.000 

4.800 
0,000 
0,000 

5.000 

7.000 

14.000 

20.000 

4.000 
4,«00 
0,000 

8.800 

3.000 

0,000 


1 The counts weie mvaiiably higher dining the spiing months, although 
even at this time the highest figure obtained vas 0 4 pei cent (number 
47) Oiii figuies, as found dining the spiing and summei months, 
check closely with those of Seyfarth " The probable explanation foi 
the increased count dining the spring months is that of the general 
stimulation of the bod)!- pioduced by the inciease in ultraviolet ia}s 
fioni the sun at that time In this connection, it may be noted that 
check counts done at the Taft heliotheiapy ward at the Cincinnati 
Geneial Hospital, wheie both natuial and aitificial lai s are used showed 
an inciease in the leticulocyte count aftei hehotherap} In table 2 
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are shown the reticulocyte counts on a healthy adult, as found at 
inteivals during a yeai’s time Tables 3 and 4 show the change in 
the reticulocyte count in healthy adults from the winter to the spring 
months 

In connection with these studies and with particular reference to 
the reticulocyte count m benzene poisoning (which is to be the subject 


Table 3 — Repeated Reticulocyte Counts m the Same Pci son (a Noimal Subject), 
Showing Rise of Reticulocvtc Count Dm mg the Spiing Months 



Hemoglobin, 



Reticulocyte 

Date 

Per Gent 

AAhite Count 

Red Count 

Count 

1/ 6/26 

80 

9,200 

4,810,000 

800 

11/19/26 

90 

10,000 

6,060,000 

6,400 

1/28/2“ 




400 

3/20/27 




16,000 

3/21/27 




16,800 

it 5/27 




16,000 

5/18/27 

SO 

8,100 

6,320,000 

14,200 


Table 4- 

-Repeated Reticulocyte Counts m H W , a Noimal Adult, Shozving 
Rise of the Reticulocyte Count Duiing the Spiing Months 

Date 

Hemoglobin, 

Per Cent White Count 

Red Count 

Reticulocyte 

Count 

1/13/27 

75 


4,860,000 

400 

2/10/27 

70 

7,000 

4,640,000 

1,200 

4/11/27 

1/26/27 

80 

8,000 

5,500,000 

16,800 

16,400 

11/14/27 

SO 

9 000 

4,710,000 

9,200 


Table 

S — Reticulocyte Counts on 

Full-Gi own 

Rabbits 

Date 

Rabbit 

Number 

White Count 

Red Count 

Reticulocyte 

Count 

Tunc 14 

1 

16 400 

5,480,000 

72,000 

Tune 18 

2 

7,600 

5,440,000 

40,000 

Tuh 7 

3 

10,200 

6,080,000 

23,200 

Tuly 16 

4 

16,600 

9,200 

5,280,000 

80,000 

Tulj 23 

5 

5,440,000 

34,000 

Tuh 24 

6 

16,400 

6,240,000 

42,000 

Dee 24 

7 

7,800 

5,540,000 

14,000 

Dec 17 

8 

9,800 

5,120,000 

29,400 

Dec 12 

9 

10,600 

5,460,000 

28,000 

March 14 

10 

8,200 

5,840,000 

36,000 

March 11 

11 

9,400 

6,280,000 

18,000 

April 2 

12 

8,000 

5,240,000 

41,000 


♦The reticulocyte counts m rahhits yary nitlim i\i(3c limits and are higher than those 
in normal human beings 


of another paper), Ave made reticulocyte counts on a number of labor- 
atory animals In earlier studies on benzene poisoning, the white blood 
counts on rabbits Avere used as indexes We have found that the 
reticulocyte counts in full groAvn rabbits are much higher than those 
in human beings Furthermore, there is great individual A'^ariation 
These facts are set forth in table 5 

In guinea-pigs the reticulocyte counts in our studies approximated 
the figures as found for human beings (table 6) 
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The counts in monkeys and in dogs were appioximately the same 
as 111 human beings 

In cats, we found the reticulocyte count to be somewhat lower than 
it IS 111 human beings (table 7) 


Table 6 — Reticulocyte Counts in Noimal Full-Gi own Guinca-Pigs 


Date 

Guinea-Pig 

Number 

White Count 

Reel Count 

Reticulocetc 

Count 

Jan 20 

1 

7,400 

5,480,000 

10,000 

Jan 23 

2 

8,000 

0,480,000 

7,800 

J an 23 

3 

8,200 

5 000,000 

8,000 

Juno 2S 

4 

9,000 

5,010,000 

12,800 

Julj 11 

5 

12,800 

0,480 000 

0,400 

July 11 

G 

8,900 

4,930,000 

8,000 

July 11 

7 

9,800 

5,480,000 

12,400 

July 11 

8 

14,200 

5,780,000 

4,800 

June 10 

9 

8,000 

5,300,000 

5,800 

June 10 

10 

9,200 

5,120,000 

12,000 

June 13 

11 

9,800 

5,060,000 

8,000 

Sept 1 

12 

8,600 

0,100,000 

9,800 

* Ihe reticulocj'tc count in 

guinea pigs is similar to 

that of human beings 




Tablf 7 — Reticulocyte Counts on Full-Gi own 

Cats * 



Cat 



Reticulocyte 


Date 

Number 

White Count 

Red Count 

Count 

June 

13 

1 

12,800 

5,400,000 

800 

June 

14 

2 

9,800 

5,040,000 

200 

Tulv 

11 

3 

24,800 

0,120,000 

400 

July 

12 

4 

18,800 

5,520,000 

1,400 

July 

14 

5 

20,400 

5,840,000 

200 

Sept 

8 

0 

34,000 

5,720,000 

2,400 

Sept 

1 

7 

18,000 

6,640,000 

200 

Sept 

1 

8 

22,000 

5,880,000 

200 

Sept 

4 

9 

10,800 

6,120,000 

800 

June 

14 

10 

15,400 

6,200,000 

1,400 


* Oats sliOM a sonlG^^hat lower reticulocyte count than human beings 


Oul studies would thus have given the following noimal averages 


Man 

Rabbit 

Guinea-pigs 

Cats 


0 03 to 0 2 per cent 
0 25 to 1 5 per cent 
008 to 029 per cent 
0 003 to 0 04 per cent 


The foregoing figures may be compared with those of Kiunibhaar,® 
who, using a chfifeient method of counting, gave the following averages 


Man 

Rabbit 

Guinea-pigs 

Cat 


0 1 to 0 8 per cent 

0 6 to 2 8 per cent 

1 0 to 4 0 per cent 
00 to 0 4 per cent 


In an earlier paper ° we showed the ph} siologic increase m the 
leticulocyte count in the new-born infant In table 8 , taken from this 
papei, leticulocyte counts m the new-born infant are shown These 
figuies check fairly well with the counts of other observers 
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>• 

The leticulocyte count is also inci eased during pregnane) Table 
9 shows a series of counts in piegnant women It ^\lll be noted that 
all of these counts weie done during the wintei months, so that the 
compaiativel) slight mciease is explained 


Table 9 — Rciicnlocvfe Counts on Ptegnant JVonicn 




Month of 

Hemoglobin, 

White 

Eed 

Eetieulocjte 

Date 

Patient 

Pregnancy 

Pei Cent 

Count 

Count 

Count 

Tan 81 

0 s 

Eighth 

70 

13,000 

4.720.000 

4.430.000 

19,400 

8,000 

Jan 31 

A F 

Sixth 

70 

10,000 

Tan 31 

E H 

Seventh 

70 

10,500 

4,540,000 

9,000 

TTeb S 

M J 

Sixth 

CO ' 

11,000 

3,890,000 

12,800 

Feb 8 

M 

Eighth 

CO 

13,000 

4,450,000 

18,000 

leb 8 

J G 

Fifth 

70 

10,000 

4,040,000 

11,400 

Feb 14 

K F 

Fifth 

CO 

9,000 

3,180,000 

8,400 

Feb 14 

S H 

Eighth 

70 

8,000 

4,820,000 

10,800 

Feb 14 

K W 

Eighth 

CO 

10,000 

3,400,000 

14,400 

March 8 

D S 

Ninth 

Cl 

8,000 

3,950,000 

15,000 

March 7 

F J 

Eighth 

70 

8,000 

4,340,000 

24,000 

Mai eh 10 

B H 

Thud 

SO 

8, GOO 

5,050,000 

21,000 


* Ihc letiiculocj tes count is somewhat increased duiing pregnanej 


Tabie 10 — Blood Counts on Patients with Acute and Cliionic Infections and 

Cliionic Diseases 


Date 

Patient 

lype of Infection 

Hemoglobin, 
Per Cent 

White 

Count 

Red 

Count 

Reticulocyte 

Count 

11/14 

B T 

Lobar pneumonia 

05 

23,000 

3,330,000 

7,000 

1/ s 

L 'I 

Lobar pneumonia 

70 

50,800 

5,200,000 

800 

1/12 

W R 

Lobar pneumonia 

70 

13,400 

4,040,000 

4,400 

4/ 1 

R B 

Lobar pneumonia 

70 

18,000 

4,300,000 

10,000 

0/18 

H R 

Bronchopneumonia 

75 

12,400 

20,000 

4.800.000 

4.710.000 

1,800 

1/29 

R C 

Bronchopneumonia 

75 

800 

12/24 

M K 

Endocarditis 

CO 

10,200 

4.510.000 

3.820.000 

10,000 

1/11 

C III 

Endocarditis 

70 

10,000 

12,000 

3/24 

B C 

Endocarditis 

CO 

15,000 

3,950,000 

20,000 

0/ 7 

B R 

Endocarditis 

35 

8,000 

2,000,000 

13,000 

1/ 0 

G B 

Myocarditis 

70 

7,400 

4,090,000 

400 

1/14 

A U 

Myocarditis 

70 

0,500 

4,300,000 

0 

1/2G 

J C 

T> phoid 

70 

4,200 

4,700,000 

4,200 

2/20 

L M 

Typhoid 

75 

3, COO 
12,400 

5,120,000 

0,000 

3/ 3 

J P 

Multiple arthritis 

80 

5,G30,000 

1,800 

3/ ^ 

R C 

Multiple arthntis 

75 

10,000 

4,490,000 

0 

3/ 2 

T M 

Multiple arthritis 

70 

10,200 

3,430,000 

3,000 

12/13 

H M 

Nephritis, acute 

40 

7,000 

1,790,000 

9,000 

4/ 7 
5/28 

H C 
a H 

Nephritis, acute 

Nephritis, chronic 

85 

9,000 

5,400,000 

7,400 

10,000 

12/11 

P B 

Catarrhal jaundice 

75 


4,620,000 

0 

3/21 

H B 

Catarrhal jaundice 

SO 


5,100,000 

800 

4/ 7 

E L 

Catarrhal jaundice 

80 


4,550,000 

1,400 

0/25 

H T 

Hanot’s cirrhosis 

05 

5,400 

3,500,000 

7,400 

4/21 

F T 

Carcinoma of the liver 

C5 

11,400 

4,430,000 

34,000 

2 /ie 

4. G 

Syphilitic cirrhosis 

CO 

18,000 

2,830,000 

2,200 

4/14 

0 J 

Syphilitic cirrhosis 

G5 

9,800 

3,930,000 

7,400 

2, 8 

B J 

Pelvic infection (acute) 

75 

13,400 

5,190,000 

11,200 

4/22 

M J 

Whooping cough 

80 

21,000 

0,530,000 

400 

1/13 

M R 

Diabetes 

70 

8,200 

4.120.000 

4.140.000 

400 

10/29 

G H 

Eczema 

SO 

7,000 

0,000 


Studies of the reticulocyte count in a senes of patients, at the Cin- 
cinnati Geneial Hospital, with acute and chronic infections and uith 
chionic diseases showed compai atively little ^allatlon from the normal 
(table 10) When the condition caused anemia, as in the cases of 
endocaiditis a slight rise in the retlculoc^te count occurred Of interest 
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also A\as the high count in the case of caicinoina of the hvei, probably 
due to the inetastases of the bone (veiified by autopsy) 

^^'’e weie unable to tiace any connection between the ^\hlte count 
and the i eticulocy te count 

Reticulocyte counts weie done on a gioup of childien at the Pie- 
Aentoriuin of the Cincinnati Municipal Tubeiculosis Sanitanum There 
■\\as active tuberculosis in the families of these childien, for Avhich 
leason the)”^ had been lemoved to the preA entonuin These childien 
AAeie of both sexes, and langed in age from 5 to 12 yeais None 
of them had active tubeiculosis The ieticuloc}te counts Aveie all AAithin 
noimal limits (table 11) 


Tabie 11 — Blood Counts m Clttldicn in the Tubeiculosis Pi eventoi luiiM 


Patient 

Date 

Hemoglobin 
Per Cent 

AA bite Count 

Red Count 

RctieuIoc\ te 
Count 

H P 

2/14/27 

so 

S,000 

4,720,000 

1,200 

I H C 

2/14/27 

85 

0,200 

4,200 000 

5,400 

31 0 

2/14/27 

7o 

5,400 

5,960,000 

3,600 

P 31 

2/14/27 

SO 

7,400 

4,160,000 

6,200 

P C 

2/14/27 

so 

S400 

4,020,000 

3,400 

0 B 

2/14/27 

70 

5600 

3,480,000 

2 800 

T .T 

2/14/27 

75 

5 400 

3 960 000 

3 600 

C J 

2/14/27 

So 

5 600 

4,120,000 

4,200 

I AA 

2/14/27 

SO 

0 800 

4 040,000 

2,200 

L 0 

2/14/27 

so 

0,200 

4,080,000 

6,800 

I AV 

2/14/27 

70 

7,200 

3,440,000 

3,400 

A L AV 

2/14/27 

So 

S,400 

4,SOO 

4 SS0,00O 

4,200 

s s 

2/14/27 

75 

3,960,000 

4,400 

B S 

204/27 


7«00 

4,560,000 

5,400 

A S 

2/14/27 

90 

6,200 

4,560,000 

5,200 

T AV 

2/14/27 

so 

7 400 

4,200,000 

2 200 

H C 

2/14/27 

so 

0,600 

4,690,000 

2,200 

31 I) 

2/14/27 

2/14/27 

So 

5 400 

4,220,000 

1,200 

31 K 

75 

11,400 

3,880,000 

2,000 

V B 

2/14/27 

SO 

5,800 

3,840,000 

1,800 

C B 

2/14/27 

75 

7,400 

1,760,000 

4,400 

2,000 

J B 

2/14/27 

SO 

5,200 

3,970,000 

31 n 

2/14/27 

S5 

7,600 

4 160,000 

3,600 

P s 

2/14/27 

95 

0,800 

5,160,000 

4,800 

31 C 

2/14/27 

90 

7,000 

4,350,000 

4,800 


* These counts Tvere done on children from the ages of 5 to 12 nho iveie at the Cincin 
mti Tuberculosis Sanitanum because member^ of their families had active tuberculosis 
There nere no active cases in this group 


Counts Avere done on adults Avith active tuberculosis, they Avere 
all patients at the Cincinnati Municipal Tubeiculosis Sanitarium The 
lesiilts from expenments on tAA^enty^-fiA^e patients are shoAAm in table 12 
The counts AACie noimal in all but three patients A\ho had tuberculosis 
of the spine, associated diabetes and lecent pulmonary'- hemorihage, 
1 espectiA ely 

Lead Poisoning — Lead, as is generally knoAvn, causes an increase 
m the reticulocytes and in the production of stippled cells Stippled 
cells are probably reticulocytes AAhich haA'c been alfected by the toxic 
substance lead, in such a AA'ay that the granules aie much heaviei than 
the granules of normal reticulocytes, so that they can be seen A\hen 
stained by Wright’s stain (or similar stains), AAUthout haA'ing been 
Aitally stained piCAiously The teim “basophilic degeneration” is aacH 
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suited to this condition It should be lemeinbeied, ho\\e\ei, that blood 
which shows stippled cells when stained with Wiight’s stain will show 
a much laigei numbei of leticulocytes when stained with biilliant ciesyl 
blue 

The leticulocyte count in lead poisoning and in lead absoiption has 
been made the subject of special stud)^ b} McCord He has \\oil':ed 
out the details of a test (based on the leticulocyte count) which reveals 
the degiee of lead absoiption m woikeis exposed and peimits the 
institution of pieventi've measures before actual lead poisoning has taken 
place Woiking in conjunction with McCoid to secuie, if possible, 
check lesults of his test, we lan two senes of counts 


Table 12 — Blood Coiiuts on Tuba tulous Patunts 


Patient 

Date 

Hemo- 
Blobin, 
Pei Cent 

W lute 
Count 

Red 

Count 

Roticnloei te 

Count 

T S 

2/10/27 

80 

0,800 

4,240,000 

1,000 


R 0 

2/16/27 

2/16/27 

85 

8,000 

4,360,000 

2,800 


.T St 

70 

7,100 

3,920,000 

16,400 

O'ubereulosis of spine 

H C 

2/16/27 

85 

7 800 

4,240,000 

5,800 

^o pulmonaiv tubeiculo=is 

0 P 

2/1 G /27 

75 

9,400 

3,960,000 

10,800 

luberculosis plus diabetes 

C M 

2/16/27 

85 

5 200 

4,920,000 

2,200 

W W 

2/16/27 

90 

S,600 

5,140,000 

2,800 


L M 

2/10/27 

90 

10,200 

5,240 000 

400 

Xo sputum 

M S 

2/16/27 

SO 

S,SOO 

4,020,000 

(lepeatedl 

2,200 

r P 

2/16/27 

85 

7,400 

4,380,000 

3,000 


A S 

2/16/27 

70 

5,200 

3,600,000 

1,200 


A St 

2/16/27 

2/16/27 

S3 

8,200 

5,020,000 

2,000 

Sputum negntivc 

J S 

Co 

11,400 

3,480,000 

16,200 

Recent bemoirlnge 

D A 

2/18/27 

80 

0,600 

4.120.000 

5.560.000 

1,600 


0 S 

2/18/27 

00 

5, b 00 

1,400 


W D 

2/18/27 

so 

6,200 

5,060,000 

3,000 


E M 

2/18/27 

95 

8,400 

1,960,000 

1,800 


A J 

2/18/27 

so 

8,000 

4,940,000 

2,400 


T H 

2/18/27 

85 

0,600 

12,800 

4,160,000 

1,000 


J W 

2/18/27 

70 

3,440,000 

GOO 


H 0 

2/18/27 

80 

5,800 

4,080,000 

1,000 

Tuberculosis of spine 

1/ H 

2/18/27 

60 

9,200 

3,160,000 

1,800 


W L R 

2/18/27 

83 

6,400 

4,200,000 

1,600 

PneumotbordN 

L R 

2/18/27 

SO 

5,200 

4.160.000 

3.680.000 

2,400 


W Q 

2/18/27 

70 

8,800 

3,800 

Tuberculosis, lirjngitis 


*1116 count's T\ere done on adult patients uith active tuberculosis AH were patients m 
tlie Municipal Tuberculosis Sanitaiium 


In the first series, table 13, we studied twent}-five noimal adults vho 
weie woiking in the offices of lead factories, but who were not diiectly 
exposed to the lead hazard In all except one of these persons (patient 
63), the leticulocyte couirt was normal The patrent rn vhom the count 
was not normal was a man who had pieriously norked m the factor} 
rn direct contact with lead 

Table 14 shows the high ieticuloc}te count in persons rvorking rn 
lead factories, even though they showed no clinical S}mptoms of lead 
poisoning 

Lead is not the only heavy metal wffiich causes an inci eased leticulo- 
cyte count In mercury poisoning the reticulocyte count also goes up, 
though the use is not so marked as that seen m lead poisoning In 


11 iMcCord (footnote 8 second reference) 
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table 15 aie sho^^n the counts in fotn patients who had taken laige 
closes of coiiosive mercuiic chloiicle 

Hemoiihage is usually a stimulus to legeneiation of the blood, as 
shown b} an increase in the reticulocyte count In the cases repoited 
in table 16, many reticulocjte counts were done on each patient, but 


Table 13 — Blood Counts on Nomial Adults Woiltng in the Offices of Lean 

Facto! ICS 


Patient 


Hemoglobin, 




Ecticuloci te 

Xumber 

Date 

Per Cent 

White Count 

Ecd Count 


Count 

o7 

11/ 5/26 

So 

13,200 

5,120,000 


9,600 

58 

11/ 5/26 

75 

9,600 

4,760,000 


4,800 

59 

11/ 5/26 

so 

S,S00 

4,920,000 


3,200 

3,000 

60 

11/ 5/26 

so 

11,800 

5,120,000 


01 

11/ 5/26 

S3 

13,000 

5,240,000 


200 

62 

11/ 5/26 

SO 

8,200 

5,160,000 


1,000 

03 

11/ 5/26 

S5 

9,400 

5 080,000 


18,400 

01 

11/ 5/26 

SO 

9,200 

4,S80,000 


4,000 

66 

11/ 5/26 

S5 

14,200 

5,280,000 


400 

or 

11/ 5/26 

So 

S,S00 

5.360.000 

4.560.000 


1,800 

OS 

11/ 5/25 

75 

io,soo 


7,000 

09 

11/ 5/20 

S5 

9,400 

5,280,000 


600 

71 

11/12/26 

90 

7,600 

5,160,000 


600 

72 

11/12/20 

75 

11,400 

3,960,000 


3,800 

73 

11/12/26 

SO 

12,400 

4,240,000 


2,600 

74 

11/12/26 

75 

11 400 

4,040,000 


2,200 

75 

11/12/20 

65 

12 000 

3,760,000 


2,400 

70 

11/12/26 

SO 

10,600 

4,360,000 


1,400 

77 

11/12/26 

85 

9,200 

4,600,000 


600 

7S 

11/12/26 

90 

9,200 

5,280,000 


SOO 

79 

11/12/26 

So 

9,200 

4,SSO,000 


9,200 

1,400 

SO 

11/12/20 

90 

10,800 

5 040,000 


SI 

11/12/20 

95 

9,SOO 

5,560,000 


800 

S2 

11/12/20 

85 

8,200 

4,820,000 


400 

S3 

11/12/20 

SO 

7,S0O 

4,420,000 


400 

* These patients had 

no contact mth 

an^ form of 

load, except one patient. 

number 03, 

plio had 

pieiiousl} worked in the factor} 

and had had 

an attack of lead 

poisoninfe 


T \BLr 14 — 

-Blood Counts 

on Pci wns 

IVoiking with 

Lead 



Differential Count 


Date 

P iticnt 

Hemo 
globin 
per Cent 

White 

Count 

Bed 

Count 

Eeticu- 
loc} te 
Count 

i 

Poly Dym- iMon- 
morpho- pho- onu- 
nuclears cytes clears 

Po 

sino 

phils 

Baso 

phils 

11/ 5 

yy 0 

60 

11,400 

3,440,000 

32,000 

48 47 2 

3 

0 

10/19 

J X 

SO 

12,400 

1,280,000 

12,400 

59 37 8 

2 

0 

10/22 

r D 

70 

10,600 

3,920,000 

70,400 

51 46 1 

2 

0 

10/22 

D J 

70 

9,S0O 

3,840,000 

22,000 

57 39 3 

0 

1 

10/22 

C E 

S5 

11,400 

5,320,000 

44 800 

52 45 3 

0 

0 

10/22 

yv y. 

65 

9,200 

3.640.000 

5.080.000 

01,600 

48 4S 1 

3 

0 

11/ 5 

H D 

85 

9,400 

12,400 

18,400 

01 3S 1 

0 

0 

10/22 

G A 

SO 

4,810.000 

68,000 

49 40 1 

4 

0 


onh the inaxnnum reticulocyte count is shoyvn in the table The time 
at yyhich the maximum is reached v^aries yyith the amount of hemorrhage 
and the period ot time ouer yyhich it has extended It is usually reached 
about fiye days aftei the bleeding has stopped The red cell count 
then begins to use and as it approaches normal the leticulocyte count 
drops 

To a certain degree, the reticulocyte count aftords a prognostic 
index as to yyhether regeneration of the blood yyull proceed normallv 
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after hemorrhage has stopped, or as to whethei stimulation to regenera- 
tion of the blood, as b} transfusion, is needed 

In table 17 we show counts m foui cases of bleeding duodenal 
ulcer These patients were all in the medical senice of the Cincinnati 
Geneial Hospital All of them presented the classic scmptoms of 
duodenal ulcer, ^\lth chaiacteristic roentgen obser^atlons All of them 
had tarry stools In tivo of these patients (W A and E E . table 17), 
the leticulocyte count did not rise after the bleeding had stopped One 
patient, W A, had 1,880,000 led cells with 13,400 reticuloc} tes He 
was given a tiansfusion of 500 cc of blood with a prompt use m the 


T\bii: 15 — Counts on Patunts with Conosivc Mdcidu Chloiidt Poisoning 




Hemoglobin, 



Rcticulocvto 

Dntc 

P itient 

Per Cent 

White Count 

Red Count 

Count 

12/23 

J J 

90 

51,600 

6,480,000 

14,000 

1/17 

M D 

75 

120,000 

5,510,000 

18 000 

12/29 

E M 

£0 

9,000 

4,940,000 

3,600 

12/20 

H K 

S5 

17,000 

6,000,000 

16,000 


Table 16 

— Reticulocyte 

Counts on Patient <; 

Aftci Hiinon 

hage 





Hemoglobin, 

White 


Rcticiiloettc 

Dite 

Patient 

Hemorrhage Prom 

Per Cent 

Count 

Red Count 

Count * 

4/ 5 

L ir 

Duodenal ulcer 

40 

7,000 

2,380,000 

64,000 

4/27 

M T 

Fpistaxis 

30 

5,400 

2,400,000 

57,000 

1/25 

J M 

Ulcerative colitis 



2,780,000 

80,000 

11/20 

H H 

Tooth extraction 

40 


2,120,000 

64 000 

12/ 2 

W A 

Duodenal ulcer 

00 

7,000 

3,150,000 

03,000 

12/23 

E M 

Duodenal ulcer 



3,500,000 

84,800 

12/18 

J L 

Duodenal ulcer 



3,540,000 

30 000 

1/25 

H 

Nose and gums 



1 010,000 

53,000 

2/25 

V W 

Gastric ulcer 



2,230,000 

44,000 

2/26 

G T 

Tooth extraction 



3,700,000 

40,000 

4/ 7 

J S 

Duodenal ulcer 



2,980,000 

226 000 

1/2S 

c w 

Duodenal ulcer 



1,770,000 

100,000 

4/29 

E W 

Telangiectasis 



3 200,000 

112,000 

10/24 

H W 

Gastric ulcer 

00 

4,000 

2,900,000 

320,000 

12/11 

P N 

Bleeding from gums 

and 






bovrel 



1,320,000 

7,200 


*■10 each of the cases manj counts nerc c’one, hut onlj the maximum rcticulocitc count 
has been included in the table 


ieticuloc}te count, followed in five daAs b} a marked rise in the red 
cell count, which was maintained after the reticuloccte count dropped 
Another patient, E E , had 2,560 000 red cells v ith a reticulocyte 
count of 8,400 After a transfusion of 500 cc , the reticuloc 3 'te count 
lose, followed in six days by a use in the led cell count, vliich was 
maintained until the patient was dischaiged 

In tv o other cases, R M and L W , the reticuloc} te count v as 
found to be high after bleeding had stopped According!}, ve advised 
that transfusion was unnecessar} The reticuloc} te count m each 
instance continued to rise, the red cell count came up and v as maintained 
even aftei the reticuloc} te count had dropped The figures for the 
four cases are tabulated in table 17 
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The amovmt of blood loss which is necessai} to cause a use in the 
reticulocjte count evidently vaiies uith the geneial condition of the 
patient Thus, a hemorrhage of 600 cc in healthy man pioduced no 
appieciable change in the reticulocite count (table 18) This man 
gave 600 cc of blood for a transfusion, without marked change in either 
the red cell or the reticulocjhie count 

T^ble 17 — Reticulocyte Counts on Foui Patients with Duodenal Ulcei 


W A , White, Male, Aged 


E E , White, Male, Aged 43 



Hemoglobin, Bed 



Hemoglobin, 

, Bed 


Date 

Per Cent Blood Cells 

Beticulocjtes 

Date 

Per Cent 

Blood Cells 

Bcticuloej tc; 

11/20 

10 1,880,000 

13,400 

2/ 3 

50 

2,056,000 

8,400 

11/27 

Transfusion of 500 ce of blood 

2/ 4 

Transfusion of 500 cc of blooc 

11/2S 


20,200 

2/ 5 


2,540,000 

88,800 

11/30 


48,000 

2/11 


2,680,000 

70,000 

12/ 1 


63,000 

2/16 


3,390,000 

64,000 

12/ 2 


59,400 

A 1 


3,790,000 

34,000 

12/ 3 

50 3,150,000 

53,200 

3/ 4 

60 

3,840,000 

14,000 

12/ 4 


54,000 

3/ S 


4,030,000 

2,000 

12/ 5 


54,800 

3/16 

70 

4,100,000 

2,400 

12/ 7 

3,110,000 

53,000 

3/lS 


Discharged 


12/ S 


51,000 





12/ 9 

63 3,990,000 

oS400 





12/11 

Discharged 







B M , White, Male, Aged 45 


D W , White,_ Male Aged 23 

/ 

Hemoglobin, Bed 

> 

< 

Hemoglobin, 

, Bed 


Date 

Per Cent Blood Cells 

Beticulocjtes 

Date 

Per Cent 

Blood Cells 

Eeticulocj te; 

12/11 

40 2,390,000 

42 400 

10/20 

45 

2,000,000 

109,200 

13/lS 

2,780,000 

84,800 

10/24 

00 

2 900,000 

320,000 

12/23 

3,560,000 

84,800 

10/29 

70 

3,860,000 

160,000 

12/28 

60 3,680,000 

39,200 

11/ 5 

75 

4 130,000 

38,400 

12/30 

Discharged 


11/ 7 


Discharged 



Table IS — Reticulocyte Count on a Healthy Man Follozoing Heinoi ihage" 


Date 

Bed Count 

Beticulocyte Count 

4/27/26 

5,200,000 

2,000 

4/2S/26 

Hemorrhage of 600 cc of blood 

4/28/26 

5,220,000 

2,000 

4/29/20 

5,160,000 

5,000 

4/30/26 

5,200,000 

2,000 

5/ 1/26 

5,030,000 

2,200 

5/ 2/20 

5,240,000 

4 800 

5/ 4/26 

5,400,000 

4 200 

5/ 7/20 

5,300,000 

3,000 


*' D H a healthv man gave 600 cc of blood for a transfusion Theie iias no apprcci ibic 
change m eitlier the icd or the reticulocyte count 


On the other hand, a much smaller blood loss caused a definite 
rise m the reticuloc}i:e count m a tuberculous patient (table 19) J K 
a patient at the Cincinnati Tuberculosis Samtanum, had a pulmonaiv 
hemorrhage of about 200 cc The liemoirhage produced a use in the 
reticulocAte count vhich reached its maximum seven dats after the 
hemorrhage had occurred 

Patients uith blood d}scrasias, other than pernicious anemia, shov 
marked \ anation m then reticuloc\ te counts Single counts on a group 
of patients with such disorders aie shown in table 20 
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Patients with familial hemol}tic jaundice and with sickle cell anemia 
show high leticulocyte counts at all times 

Patients with hemolytic jaundice (not familial) shon some inci ease 
in the reticulocyte count, while patients with obstructue jaundice do 
not This fact may at times aftoid a ditteiential diagnostic index of 
some value W e also noted that the i eticuloc} te count in acute leukemia 


Tapli' 19 — The Red and Rtticulocvtc Counts on a 1 ubcicnlous Patient Follozaing 

Ht mot I hage 


Dnte 

Hemoglobin, 
Pei Cent 

Bed Count 

Beticuloejtc 

Count 


1/ 4/27 

70 

3,880,000 

0,200 

Si\ ounce hemoiilnge 

1/ 5/27 


3,960,000 

8,600 

Sputum bloody 

1/ G/27 
1/ 7/27 

70 

3,7GO,000 

7,800 

Sputum bloody 


3,640,000 

10,400 

Sputum blood streuked 

1/ S/27 

75 

3,760,000 

21,000 

Snutum blood streaked 

1/ 9/27 


3,560,000 

18,000 

Sputum blood strenkeil 

1/10/27 

70 

3,280,000 

22,000 

Sputum blood streaked 

1/11/27 


3,560,000 

28,000 

Sputum tree from blood 

1/12/27 

70 

3,320,000 

20,000 

Sputum fiec from blood 

1/13/27 


3,700,000 

16,000 

Sputum free from blood 

1/14/27 

75 

3,500,000 

11,000 

Sputum free from blood 

l/lG/27 


3,560,000 

11,000 

Sputum free from blood 

1/18/27 

1/^27 

70 

3,600,000 

12,000 

Sputum free from blood 


3,440,000 

10,000 

Sputum free from blood 

1/22/27 

70 

3,640,000 

10,000 

Sputum free from blood 

1/14/27 


3,880,000 

10,000 

Sputum flee from blood 

1/2G/27 

1/28/27 

70 

3,800,000 

7,000 

Sputum free from blood 


3,840,000 

8,000 

Sputum free from blood 


Table 20 — Reticulocyte Counts on Patients zvith Diseases of the Blood Otlici 




than Pet melons Ancniia 







Hemo 







globin. 







Per 

White 

Red 

Reticulocite 

Date 

Patient 

Disease 

Cent 

Count 

Count 

Count 

6/ 1 

T S 

Jlalaria 



3,400,000 

94 000 

2/15 

J A 

Hemophilia 

7 > 

8,200 

4 430,000 

800 

12/ 4 

D H 

Hemophilia 

70 


4,240,000 

4,000 

2/11 

H P 

Hemolytic jaundice 

75 

7,000 

4,850,000 

20,000 

3/21 

M N 

Pamihal jaundice 


18,000 

4,600,000 

220,000 

4/23 

L S 

Purpura 



3,960,000 

20,000 

4/27 

IM T 

Purpura 

50 

5,400 

2,100,000 

57,000 

3/14 

J M 

Lymphatic leukemia (acute) 

SO 

46,000 

1,120,000 

4,800 

4/14 

R E 

Lymphatic leukemia (chronic) 


90,000 

3,420,000 

8 200 

11/29 

M S 

Myelogenous leukemia (acute) 

SO 

96,800 

1,110,000 

1,800 

12/ 5 

J K 

Myelogenous leukemia (chronic) 

60 

80,400 

3,030,000 

136,000 

12/16 

L S 

Myelogenous leukemia (chronic) 

60 

510,000 

2,010,000 

31,600 

11/16 

0 B 

Sickle cell anemia 


7 200 

4,650,000 

313,000 

3/19 

A L 

Sickle cell anemia 


24,800 

2,980,000 

416,000 

j/17 

L B 

Von Jakscli’s anemia 

40 

9,800 

2,060,000 

71,000 

11/20 

A B 

Poh c^themla 

120 


7,840,000 

400 


IS apt to be low In chionic leukemia the reticulocjte count may oftei 
an aid to piognosis When the count is high, the patient mil probabh 
ha\ e a 1 emission , when it is low. thei e is apt to be a i elapse 

Cases of hemophilia show a use in the reticulocjte count onh after 
hemoiihage 

Cases of polycythemia show a lou reticulocyte count 
Pet nicwuz Auevua — The lalue of the reticuloc\te count as an index 
to legeneiation of the blood has been so thorough!} attested that it is 
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now genciall} accepted It has been used as a check test to deteimine 
the potency of particular kinds of hvei extiact, oi of the ^allable 
potency of various batches of extiact made by the same piocess 

Table 21 shows the leticulocyte counts on patients vith pernicious 
anemia shortly aftei admission to the Cincinnati Geneial Hospital 
befoie any method of treatment had been instituted It Mill be seen 
that the counts vaiy gieatly, and that before treatment the leticuIocyte 
count and the led cell count do not ahvays stand in direct proportion 
Thus, one patient, G S , shoM ed 3,596,000 red cells Math onl}^ 6,800 
1 cticuloc 3 des Another patient, F S, had 1460,000 led cells. Math 
256,000 1 eticuloc 3 des 

What can be asseited is that patients with high ieticuloc 3 te counts 
aie soon to have a remission, those Muth Iom'^ counts, a relapse unless 



Tablf 21 — 

-Ri ttcuIoc\ ti 

Counts on Patients 

With Pci melons Aiuniia* 



Hemoglobin, 


Reticulocj te 

Dite 

Patient 

Per Cent 

White Count 

Red Count 

Count 

4/20 

M H 

40 

1,700 

1,018,000 

12,000 

V 4 

L U 

70 

4,400 

2,933,000 

11,800 

4/20 

G S 

100 

5,250 

3,596,000 

6,800 

O/ 5 

C K 

30 


1,208,000 

1,400 

3/24 

M K 

100 


3,008,000 

9,000 

0/14 

C T 

30 

0,100 

1,064,000 

12,000 

1/11 

L 31c 

30 

4,SOO 

1,380,000 

14,000 

1/20 

31 D 

70 

5,600 

3,370,000 

36,000 

2/24 

31 K 

75 

4,400 

3,580,000 

6,000 

3/24 

P S 

30 

4,400 

1,4GO,000 

250,000 

5/ 0 

31 F 

GO 

3,600 

2,150,000 

8,000 

0/10 

C C 


1,500 

1,840,000 

23,000 

5/ 5 

31 B 

40 

3,000 

1,730,000 

52,800 

5/17 

S R 



1,500,000 

18,000 

3/27 

D X 

30 

2,SOO 

780,000 

13,600 


* Tile counts were made iinmcdnteh Tfter admission to the hospital befoie anj tipc of 
treatment ii as instituted 


tieatment is instituted AVe hate been able to confiim this general 
h 3 pothesis in the cases studied so far 

Fuithermore, if aftei aiw method of tieatment such as tiansfusion, 
hehotherap 3 injections of arsenic, etc the ieticuloc 3 de count does not 
shoM a 1 ather prompt and marked increase, the pi obabihties are against 
the onset of a remission 

AA’hile it IS true that m some cases an increase in the leticulocyte 
count (and later in the red cell count) did follow the institution of 
treatment by one or another of the means noted, it is also true that 
in no case M^as the rise so high as it Mas aftei the use of liver extract 
It IS noM" a matter of general observation that patients Muth pernicious 
anemia respond bettei to the administiation of liver extract than to 
ain othei method of treatment This applies both to blood counts and 
to general clinical improv^ement 

12 Minot G R , Afurpln, W P, and Stetson, R P Am J Sc 175 581, 
1928 



FRIEDLANDER-W lEDEMER—RETICULOCYl E COO R 7 


225 


Table 22 gives the maximum leticulocyte counts done on patients 
with pernicious anemia treated with hvei extiact 

These maximum counts weie i cached in from seven to nineteen 
da^s aftei the initial dose The rise in the leticulocyte counts, of couise, 
begins much earlier Thiee vials of Lilly’s extract weie given to each 
patient daily So fai we have found no case in which the diagnosis of 


Table 22 — Reticulocyte Counts on Patients with Pcinicioiis Aiicima IJAio U'cic 

Given Lwci Extiact 



Hemoglobin, 



Rcticulocj tc 

Date Patient 

Per Cent 

White Count 

Bed Count 

Count 

12/21 A B 

50 

5,000 

2,170,000 

582,000 

1/17 H R 

40 

1,600 

1,480,000 

329,000 

1/24 H P 

40 

5,000 

1,800,000 

240,000 

4/16 M P 

40 

2,550 

1,470,000 

289,000 

* The patients Mere given one \ial 

of Lillj’s Livci Extract three times dnilj' 


Table 23 — Reticulocyte Counts on A B , a Patient zvitJi Pcinicioiis A 

ncilua, IVIio 


Was Gwen Lxvci 

Extiact 



Hemoglobin, 



Beticulocj tc 

Date 

Per Cent 

White Count 

Red Count 

Count 

12/27/27 

40 

2,800 

1,300,000 

7,500 

n/uiZf 



1,430,000 

18,400 

12/15/27 



1,540,000 

34,400 

12/16/27 

50 

5,000 

1,490,000 

42,000 

12/17/27 



1,730,000 

170,000 

12/18/27 



1,720,000 

207,600 

12/19/27 



1,850,000 

303,200 

12/20/27 



2,090,000 

455,000 

12/21/27 



2,170,000 

582,000 

12/22/27 

60 

4,000 

2,270,000 

489,000 

1212.3127 



2,500,000 

409,000 

12/24/27 



2 420,000 

320,000 

12/26/27 



2,450,000 

118,000 

12/27/27 



2,390,000 

123,000 

12/28/27 



2,340,000 

80,000 

12/29/27 

65 

5,600 

2,550,000 

40,000 

12/30/27 



2,670,000 

42,000 

12/31/27 



2,600,000 

41,000 

1/ 2/28 



2,780,000 

44,000 

1/ 4/28 



2,990,000 

41,000 

1/ 5/28 

70 

8,000 

3,260,000 

40,800 

1/ 7/28 



3,510,000 

31,200 

1/10/28 

75 


4,120,000 

14,000 

1/12/28 



4,150,000 

11,200 

1/14/28 



4,350,000 

8,400 

1/16/28 

SO 


4,600,000 

6,400 

1/23/28 

SO 

8,000 

5,420,000 

2,000 

2/21/28 

90 

10,000 

5,610,000 

3,200 

3/22/28 

05 

7,000 

6,010,000 

4,000 

4/26/28 

00 

10,000 

6,180,000 

21,600 

5/31/28 

95 

10,000 

6,010,000 

5,200 


pernicious anemia was ceitain, in which the patient did not respond 
to hvei extiact \vith a high reticulocjte count, followed by a rise in the 
led cell count As the led cell count i caches its maximum, the reticulo- 
cyte count diops back to noimal. 

The late of inciease in counts and the time intervals after the 
admmistiation of liver extiact in pernicious anemia are shown m 
table 23 The patient in table 23 presented the Apical picture of per- 
nicious anemia The geneial impiovement of his condition kept pace 
with the impioiement in his blood pictuie 
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COMAIEXT AXD SUMMARl 

V clinical method for the accuiate counting of the i eticuloc)^tcs is 
gnen The method is simple, eas} to use and enables a uorkei to 
count the i eticulocytes lapidly and accuratel} 

\\ e aie com meed that the figuies foi the ieticuloc}te count as otten 
given aie much too high Such figuies as 1 to 1 5 pei cent of the led 
cells m normal persons aie mcoiiect 

Oui studies would indicate that the reticuloc3te count in noiinal 
health} adults will lun fiom 0 03 to about 0 2 per cent In other 
words, the leticulocyte count m the noimal healthy adult does not 
exceed 10,000 pel cubic millimeter 

It also seems established that theie is a definite mciease in the 
ieticuloc}te count in healthy persons dm mg the spiing months as con- 
tiasted with that dm mg the wmtei months B} oui method check counts 
on the same noimal persons lan consistent!} low'er than did counts on 
the same pei sons done by othei less accui ate quantitatn e methods The 
seasonal A^ariation of the count is faiil} definite, as shown b} vaiious 
studies 

The highu count during the spring months piobabh lesults fioin 
the stimulation of the hod} pioduced Iia the inciease in ultiaviolet ia}S 
fiom the sun at that time In this connection, it is of inteiest to note 
that check counts done at the Taft heliotheiap} w'aid, at the Cincinnati 
Geneial Hospital, wheie both natuial and artificial ia}s aie used show^ed 
an mciease m the reticulocyte count after hehotheiapy 

Studies on laboratoi y animals show^ed cei tain definite ti ends Counts 
on labbits showed gieat A'^ai lations, though the counts aie much highei 
than those m human beings 

Cats show low'ei ieticuloc}te counts than do human beings The 
counts foi guinea-pigs, dogs and monke} s approximated those for man 
rh}siologic mciease m the leticulocyte count is found, as we had 
pieMOush demonstiated, in the new-boin infant There is also an 
increase during pregnancy 

Studies on a senes of patients wnth acute and chionic infections and 
with chionic diseases show^ed comparative!} little variation fiom the 
noimal unless there was a complicating anemia We weie unable to 
tiace anv connection between the white cell count and the ieticuloc}te 
count 

Counts made foi a gioup of patients with actne pulmonaiy tuber- 
culosis showed no marked abnormalities In a gioup of children at the 
Pre\entorium of the Cincinnati ^Municipal Tuberculosis Samtaiium all 
widiout actne pulmonar} tubeiculosis, the counts were within noimal 
limits 
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Counts on a gioup of woikers in lead factoiies, ^\ho slio\\ed no 
clinical S3mptoms of lead poisoning, all lan high Pei contia. counts 
on pel sons in the offices of these factoiies, who weie not diicctly 
exposed to the lead hazaid, weie within noimal limits 

yVs is known, lead is not the only heavy metal exposuie to which 
causes a high leticuloc^te count Foui cases of coiiosive meicuiic 
chloiide poisoning aie lepoited, all of the patients showing high counts 
The effect of hemoirhage on the icticuloc}te count was studied wuth 
paiticulai caie Plemoiihage is, of couise, usuall)'^ a stimulus to legcn- 
eiation of blood, as showm by the mcieasc m the leticulocyte count 
The time at wdnch the maximum leticuloc^te count is i cached vanes 
wuth the amount of the hemoiihage It is noimalh i cached about five 
days aftei the bleeding has stojiped The led cell count then begins 
to use and as it appioaches noimal, the leticulocyte count diops 

To a ceitain extent w^e feel that the ieticuloc3te count afloids a 
piognostic index as to wdiethei icgeneiation of the blood wall pioceed 
noimally after hemoiihage has stopped, oi wdiether induced stimulation, 
as by tiansfusion, is needed Illustiative cases of bleeding duodenal 
ulceis, both types, aie lepoited 

Studies w^eie also made on patients wnth blood d3sciasias othci than 
pernicious anemia Maiked variation m the ieticuloc3te counts in vaii- 
ous conditions w^as found Patients with familial hemo^tic jaundice 
and with sickle cell anemia show high leticulocyte counts at all times 
Patients with hemolytic jaundice (not familial) show some inciease in 
the reticuloc3te count, wdiile patients with obstructive jaundice do not 
This may, at times, affoid a difteiential diagnostic index of some value 
We found that the reticulocyte count m acute leukemia is apt to be low^ 
In chionic leukemia, the reticulocyte count may offei an aid to piog- 
nosis When the count is high, the patient will piobably have a 
1 emission, when it is low', theie is apt to be a i elapse Cases of hemo- 
philia show a use in the count only aftei hemoiihage Cases of 
polycythemia show' a low leticulocyte count 

The value of the leticulocyte count as an index to the icgeneiation 
of blood in pernicious anemia has been so thoioughly attested that it is 
now' geneially accepted It has been used as a check test to determine 
the potenc3' of paiticulai kinds of livei extiact made bj the ‘^amc 
piocess It may also be asseited that patients w'lth high leticulocjte 
counts aie soon to ha\e a i emission, those w'lth low' counts a i elapse 
(unless treatment is instituted) We were also able to compare lesults 
111 pel melons anemia m patients treated w'lth hvei extract and in others 
tieated w'lth tiansfusion, aisenic, hehotherap3' and othei lemedies The 
geneial obseiiation that patients w'lth pernicious anemia respond better 
to hvei extiact than to ain' othei method of treatment was confiimed 
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by these studies This applies both to red cell counts and to geneial 
clinical impi ovement 

So fai we have found no case in which the diagnosis of pernicious 
anemia was certain in which the patient did not respond to the admin- 
istration of hvei extract with a high reticulocyte count followed by a 
use in the red cell count As the led cell count i caches its maximum, 
the reticulocyte count drops back to noimal 


THE VARIABILITY OF BLOOD PRESSURE 


II A STUDY or SYSTOLIC PRESSURE AT ri\ E MIXLTE INTERN \LS ' 

H S DIEHL, MD 

AND 

H D LEES, :\I D (Tor ) 

MIN%EAPOLIS 

Oul lecent stud} of the Naiiabilit} of blood piessme fiom da} to 
da} ^ immediately suggested otliei questions, such as the amount of time 
necessary foi significant Nariations of blood piessuie to occui and the 
1 elation of physical activity to \aiiabilit} of blood piessuie With 
the hope of tin owing some light on these questions we undcitook the 
piesent stud} 

ilEfllODS or IN\ ESTIG-NTION 

Since our puipose in this stud} was to obseive the laiiabilit} of 
blood piessuie with the factois of physical activit} and long intenals 
of time kept constant, it nas decided to take leadings at five minute 
intenals with the subject inactne thioughout One bundled men 
students at the Univeisity of Minnesota weie selected foi the stud} , 
each student sat quieth at the side of a table, while blood piessuie 
leadings weie taken at file minute inteivals ovei a peiiod of one horn 
The arm band was adjusted at the beginning of the houi and N\as left 

III place till the last leading was completed Meicun mstiuments and 
the auscultatoi} method weie utilized thioughout Seieial ph}sicians 
of the Health SeiMce stafl: made the obsen ations, but the same technic 
nas employed by each one Furthcimoie, in Older to aioid laiiations 
due to piessuie changes at different times of the da}, all leadings weie 
taken betneen 1 30 and 3 30 p m 

AN NLYSIS or GROUP STUDIED 

The group studied consisted of 100 fieshmen of the Unneisit} ot 
Minnesota unselected except that the} iveie all piesumabh in normal 
physical condition The lecoids of the plnsical examinations nhich 
had been jieifoimed on these students at the beginning of the curient 
school }eai iieie taken as the basis foi judging the students noimal 

Submitted for publication, Feb 6 1929 

■®=From the Students’ Health SerMce and the Department of Pre\cntne Medi- 
cine the Unnersity of ^Iinnesota 

This stude i\as carried on with the aid of a grant Irom the Research Fund 
of the UnnersiL of Minnesota 

1 Diehl, H S The Variabilite of Blood Pressure IMorning and E\enmg 
Studies, Arch Int Med 43 835 (June) 1929 



230 


ARCHIVES OF INTERNAL MEDICINE 


The mean age of the gioup, at the time of the examination, was 20 16zh 
014 )eais, the mean height, 68 07=t:017 inches, the mean weight, 
136 53±130 pounds, the mean s)stolic blood piessuie, 117 53±086 
mm In a much laigei gioup of fieshmen men, who enteied the Uni- 
Aeisit} of Minnesota in 1924, Jackson - found a mean age of 20 078± 
0 046 }eais, a mean height of 68 684 ±0 042 inches, a mean weight 
of 141 44 ±0 29 pounds, and a mean systolic blood pressuie of 
124 28 ±0 21 mm A comparison of these figuies shows that the two 
groups Aveie piacticall}- identical in age and in height, in weight and in 
mean S}Stohc blood pressuie, howevei, the mean of the gioup used in 
the piesent study was significantly lowei This might be accounted 
f 01 , at least in pai t, b} the fact that students who ei e ovei weight and 


Tablc 1 — Mean Height of the SevciaJ Systolic Readings in Senes 



Mean 

Difference Between 
Consecutive Readings 

1 irst readings 

IIS C9 - 1 - 0 69 mm 


Second readings 

114 99 ± 0 GO mm 

3 70 ± 0 93 mm 

Thud readings 

111 29 ± 0 70 mm 

3 70 ± 0 95 mm 

Touith readings 

11172 ± oesmm 

0 43 ± 0 97 mm 

Fifth readings 

110 SC ± 0 71 mm 

0 SC ± 0 98 mm 

Si\th readings 

110 31 ± 0 72 mm 

0 35 ± 1 01 mm 

Sev enth leading- 

109 49 -1- 0 75 mm 

0 S2 ± 1 03 mm 

Figlith re idings 

lOS 21 ± 0 73 mm 

1 28 ± 1 03 mm 

>mth readings 

108 37 -1- 0 71 mm 

0 16 ± 1 02 mm 

Tenth leidings 

108 84 -1- 0 75 mm 

0 47 ± 1 03 mm 

rieventh readings 

109 19 -1- 0 73 mm 

0 25 ± 1 03 mm 

Twelfth readings 

109 48 ± 0 76 mm 

0 31 ± 1 05 mm 

All re idings 

110 95 ± 0 IS mm 



those AMth definitely elevated blood piessuies weie not included in the 
gioup Fiom the point of Mew of noimality, it seems that AAuth the lowei 
sAStohe piessuie the gioup included m this study is CA'en faithei fiom 
the bordeihne than AA^as the group included in Jackson’s study, certainly, 
theie is no indication that the piesent gioup is not Avell Avithin noimal 
limits 

AIEAX HEIGHT OE THE DIFFERENT READINGS IN THE SERIES 

The filst computation made AAas the mean of the s>stohc pressure of 
the tAAehe leadings taken on each subject, then the mean of these means 
for the 100 cases aars calculated This mean Avhich is also the mean 

2 Jackson, C The Plnsique of !Male Students at the University of 

Minnesota V Stuch in Constitutional Anatomv and Phvsiologv, Am J Anat 
5 59 rSept lot 1927 
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of all leadings taken sepaiatel), since the same numbci of leadings 
was taken in each case, was found to be 110 95 ± 0 622 mm 

The means of all the fiist, second, thud, etc, leadings, aie shouii 
m table 1 The hist leading was taken appi oximatel}^ five minutes 
aftei the subject sat down at the table, and the suhsequent leadings at 
five minute inteivals theieaftei , so se\eial factois such as rest and 
alia} mg appiehension could have contiibiitcd to the mean changes in 
blood piessuie that aie shown in the table 

The mean of the second leadings of the senes is 3 70 ±: 0 95 mm 
lowei than the mean of the fiist leadings The actual difteience found 
heie is 3 9 times the piobable eiioi of the difieience, hence, theie aie 
appioximateh 116 chances to 1 that the difteience is significant 
Between the second and thud readings, theie is a fuithei decrease of 
3 7 ± 096 mm , a difteience also ceitamly significant Aftei the thud 
leading, howe\ei, the difteience between any two conseciitue leadings is 
nerei laige enough to be significant, m fact, between most of the con- 


Table 2 — Highest and Lozvcsf Readings 



Highest 

Lone't 

First reading 

64 cases 

3 cases 

Second reading 

12 cases 

2 cases 

Third reading 

8 cases 

4 cases 

Fourth reading 

4 cases 

6 cases 

Fifth reading 

3 cases 

0 cases 

Si\th reading 

1 ease 

S cases 

Seventh reading 

2 cases 

12 cases 

Eighth reading 

3 cases 

21 cases 

Ninth reading 

0 cases 

14 cases 

Tenth reading 

2 cases 

0 cases 

rieventh reading 

0 cases 

7 cases 

Tncifth reading , 

1 case 

9 cases 


secutne leadings, the actual difteience is less than the piobable eiioi 
of the difteience The lor\est mean in the senes of leadings is m the 
eighth, towaid which there is a giadual deciease from the fouith and 
aftei which theie is a slight but piogiessne mciease to the trrelfth 
Up to the thud leading the diop m mean piessuie, as aheady pointed 
out, IS lapid Fiom the thud to the eighth leading the deciease is 
giadual, but between these two leadings the difteience is 3 08 ±: 1 01 mm 
This dift’eience indicates that although the raiiation between an) tvo 
consecutive leadings aftei the thud is not significant, theie aie approxi- 
mately 26 chances to 1 that the deciease from the thud to the eighth 
leading is significant The mciease between the minimum eighth and 
the twelfth is 1 27 ± 1 05 mm , a difference ceitamh not significant 
The relatn e height of the difteient leadings is shoun m another man- 
nei m table 2 From this it will be seen that m eight} -four of the 100 
cases the fiist, second oi thud leadings ueie highest and that m eightr- 
six of the 100 cases the lowest reading was from the fifth to the twelfth 
mclusn e 
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VARIATION OF BLOOD PRESSURE IN INDIVIDUAL CASES 

As a measviie of the Aaiiation in systolic blood pressuie o^el the 
twelve leadings which weie taken on each student, the standaid devia- 
tion fiom the mean and the range have been calculated foi each case 
The distiibution of these individual standard deviations, of which the 
mean is 5 18 ±: 0 162 mm , is shown in chait lA Oui pie\ious stud) 
of vaiiation in blood pressure fiom day to day ^ showed a mean moin- 
mg standard deviation of 5 57 ± 0 167 mm and a mean evening standaid 
deviation of 5 86 ±0 21 mm A compaiison of these figures with a 
mean standaid deviation of 5 18 ± 0 162 mm m the piesent study would 
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Chart 1 — A, distribution chart of the standard deviations of the tiiehe read- 
ings taken in each case from the mean pressure in that case B, distribution 
chart of the range of s 3 "stohc blood pressure in the individual cases 

seem to indicate that theie is as much vanabiht} of blood piessuie 
when the subject lests quietly in a chaii as theie is in the changing 
activities fiom day to da) Howeiei we have noted that there is a 
significant drop in the mean piessuie of the gioup between the fiist 
and second and between the second and thud leadings of the senes 
This diop in itself would account foi a considerable vaiiabiliti fiom 
the mean Omitting these fiist two leadings and then calculating the 
mean and the standaid deviation fiom the mean foi the last ten read- 
ings in each case, we find foi the 100 cases a mean of the case 
means of 109 81 ±0 67 mm and a mean standaid deiiation of 
3 74 ± 0 143 mm This would indicate that appi oximately only 28 
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pel cent of the \anabilit} is pioducecl b} tbc initial chop in piessiiic 
that occni s o^ ei the fii st tin ee i eadings 

Anothei ineasuie of ^al lability, -which is called the lange, is the 
dilleience betiveen the lowest and highest leadings Fioin a statistical 
point of Mew, lange is a much less accuiatc and satisfacton mcasnie 
of \aiiation than is standaid deviation, because when the lange is com- 
puted onh the exti ernes aie taken into coiisideiation all intei mediate 
leadings being neglected, w'hethei the) aie bunched oi scatteied 
Ne^eltheless, lange gues some mfoimation and is lathei geneialh 
iindci stood, hence, it was calculated foi the cases in this stud\ The 
magnitude of these langes in systolic blood piessiiie is shown m a dis- 
tiibiition cbait (IB) The smallest lange was 6 mm , the highest 
46 mm , the mean, 16 01 ±0 495 mm , the mode 12 mm and the 

Tabu i — 1 he Siaudaid Dcz'ialtoii<; of the I aitoiis Riodiiigs in ih, Siius 


rust rendmgs 
Second readings 
'llnrd readings 
roiutli leadings 
1 ittli leadings 
Si\tli loadings 
Si\ cntli loadings 
niglitli readings 

Niiitii undings 
To itli leadings 
ric\ cntli readings 

Twelfth readings 


Stand ird Dei i itioii fioiii tin "Me in 
10 2S ± 0 10 nun 
0 73 ± 0 7(> nun 
10 ol ± 0 -JO 111111 
10 14 0 Is nun 

10 54 ± 0 "0 nun 

10 01 ± 0 ">1 nun 

11 IS :i; 0 5o nun 

10 77 0 )1 null 

10 "2 ± 0 '0 nun 
11 05 ± 0 "2 mm 

10 7s ± 0 "I mm 

11 22 ± 0 ■>! nun 


Ml loadings 


') 22 ± 0 1 > nun 


median, 15 mm If the liist two leadings aie omitted the mean lange 
w as 1 1 97 ± 0 344 mm 

\\Rr\iuLn\ or e vrioos revdixgs in iiii: spries 

Foi the gioiip as a wdiole, the lelatne \aiiabiht\ of the ditleient 
leadings of the senes as measuied b\ the standaid deeiation liom the 
mean is shown in table 3 As will be seen fiom this table tbc 
standaid deMation fiom the mean is piacticalK the same loi all of 
tlie leadings m the seiics, m fact between tlie lowest standard dcMation 
(the second and the highest (the twelfth) the dilterencc is onh 
1 49 ± 0 71 mm In othci woids theie is onh about one chance in 
h\e that eicn this maximum difteience is not accidental Hence 
although as pointed out in the picMOiis paiagiaph the mean for the 
siiccessue leadings shows a definite downward tendenci theie is no 
significant difieience in the leliabilih of an5 of the readings of the 


senes 
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^ARI ABILITY AT DIFTEREXT LE\ ELS OE BLOOD PRESSURE 

The 1 elation of the mean blood piessuies of the group to the 
•\anabilit} ^\hlch these pressuies exhibited o^er the senes of twehe 
leadings -was calculated b} computing the coefficient of coi relation 
beti\een the indnidual mean piessures and the standaid denations of 
the tivehe readings in each case horn the case mean As this coefficient 
or coi relation m as found to be 0 0746 ± 0 067, e can say that there 
IS no correlation in this group between the height of the blood pressuie 
and its ^ariabilit} Table 4 shows the distribution of the data from 
which the coefficient of con elation was computed In our prenous 
study of ■\anab1ht3 of blood piessure’^ we likewise failed to find any 
Significant correlation between the height of the piessure and its 
\ariabilit} In the piesent group, howeAer, this lack of any significant 
correlation is still more surprising because the mean pressuie of manj 
of these students was low enough to be lather close to the lower plwsio- 


T^vele 4 — Disf] thittion Cliait of Mean Prcssnic and Standa)d Deviation 
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logic limits of blood pressure in fact 15 of the 100 cases show^ed a 
mean systolic pressure of less than 100 


GRAPHS or REPRESEXTATI^ E CASES 
In chart 2, twelve consecutive blood pressure readings in eight 
repiesentatne cases are portra}ed graphical!} In case 1 there is little 
■variation, although a slight tendency for the pressure to increase dur- 
ing the hour Case 2 show^s first a gradual increase in pressure and 
then a considerable \anabilit}, there being a drop of 14 mm in one fire 
minute inter-v al Cases 3 and 4 show slight -v ai lation wuth little increase 
or decrease fiom the mean Cases 5 6 and 7 represent the most fre- 
quent t}pe of cur^e, showung a decided decrease m pressure over the 
first four or fi^e readings with relatively little variation after that 
Case 8 presents a unique cur^e but is included because it shows first a 
decrease of 4 mm followed by a gradual increase of S}stolic pressure 
from 118 to 160 mm in fift}-fi\e minutes It is interesting to note also 
that the bo} who presented this remarkable sequence of blood pressure 
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leadings A\as biilliant and higbl} emotional and ^^as aiiested foi 
buiglai} a fei\ da}s aftei the leadings ■\\eie taken 

COMMENT 

In a piCMOus stud}, the -vaiiation in blood piessine in 100 cases 
Horn day to da} foi six consecutne days was found to show in the moin- 
ing a mean standard deviation of 5 57 ±: 0 167 mm and a mean 
lange of 16 29 ±0 486 mm and m the e^enlng, a mean standaid 



Yi\K mmuJe 

Chart 2 — Giaphs of the sjstohc blood pressure m represcntatn e cases with 
leadings taken at fi\e minute intcnals 

dcMation of 5 86 rn:021 mm and a mean lange of 17 86~0616 mm 
The moining leadings weie taken betw^een rising and breakfast and 
the e\ ening i eadings just before dinner Tin oughout the day the students 
earned out then usual actnities no attempt being made to control or 
limit them In the piesent stud} the subiects sat quietly at a table 
tin oughout the senes of twehe readings and all readings were taken 
at appi oximately the same time m the afternoon Under these con- 
ti oiled conditions, the mean standard deiiation for the twehe readings 
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was 5 18 ± 0 162 mm, and the mean lange, 1601 ±0 495 mm If 
the fiist two leadings are omitted fiom the computations, the mean 
standaid deviation was 3 74 ± 0 143 mm and the mean lanee, 
11 97 ± 3 44 mm The mean piessuie foi all leadings taken on the 
pieMOUs gioup was 119 76 ± 0 244 mm , while the mean piessuie foi 
the piesent group is 110 95 ±018 mm From this it would appeal 
that coiiti oiled conditions aftect the elevation of blood piessuie much 
moie than its ■variability A similai conclusion could be diawn fioin 
the fact that m the piesent study theie is a deciease in the mean pres- 
sure of the successive leadings, but no significant changes in then 
standaid deviations 

Although the mean of the 1,200 readings taken on this gioup was 
110 95 ± 0 18 mm , the mean systolic piessuie of the same students on 
entiance examinations a few months pieviously was 117 52 ± 0 86 mm 
The students natuially weie moie appiehensive dining the entiance 
examinations than they weie dining the piesent study, and at that time 
only two blood piessure leadings weie taken on each student Conse- 
quently, the leadings on entiance examinations would coi respond moie 
closely to the fiist leadings of this senes, the mean of which was 
118 69 ± 0 69 mm This lelationship of the mean piessuie in the 
piesent study and the mean piessuie on entiance examinations beais 
out the suggestion which was made in a pievious papei,® that most 
of the high blood piessuie leadings that aie lecoided at the time of the 
physical examinations peifoimed when the students entei college aie 
due to tiansient elevations of blood piessuie and do not lepiesent a 
tiue pictuie of the usual blood piessuie rvalues of the gioup 

The lowest mean piessuie in the senes is found m the eighth lead- 
ing, but no significant dififeience between successive leadings is found 
after the third leading, fuithermoie, 84 per cent of the cases showed 
the highest piessuie on the fiist, second oi thud leadings Fiom this 
it would seem that if one takes four blood pressuie leadings at five 
minute intervals, theie is little piobability of obtaining anv lowei pies- 
sure 01 any less vanabilitv even though a consideiably gieatei niimbei 
of readings is taken 

SUMMARY 

1 Blood piessure leadings foi 100 health} men students in the 
fieshman class of the Universitv of Minnesota weie taken ev^eiy fiie 
minutes for one houi 

2 The mean svstohc pressuie of all leadings was 110 95 ± 0 18 mm 

3 The mean of the standaid deviations of the individual cases vv^as 
5 18 ± 0 162 mm , and the mean lange, 16 01 ±0 495 mm 


3 Diehl H S , and Sutherland, K H Sv'stohc Blood Pressures of Young 
Men, Arch Int Med 36 151 (Aug) 1925 
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4 The mean of the hist thiee leadings of the senes shows sig- 
nificant decreases between consecutive leadings, but aftei the third lead- 
ing the difteience between any two consecutne leadings is less than 
the piobable enoi of the diffeience There is, howevci, a gradual 
deciease in the mean of the senes until the eighth leading, which is the 
lowest point leached Fiom the eighth to the twelfth leading there is a 
slight, though not significant, increase in mean pressuies 

5 The standaid deviations of the vaiious leadings of the seiies 
show no significant differences, indicating that although in the senes 
of leadings the piessure deci eases, the vaiiability leinams constant 

6 Theie is no lelationship in this senes between the le\cl of the 
systolic piessuie and its vai lability 



::>UGAR TOLERANCE IN ARTHRITIS 

II A.RriIRITIS or THE MENOPAESE 
BENJAMIN H ARCHER, M D 

RLW \OKK 

In the pi e\ ions communication the question of stigai toleiance in 
chionic infectious aithiitis was discussed In the senes of cases 
lepoited no cMdence was found of a diminished sugai toleiance 
Fuitheimoie the results of the study tended to pioie that the toleiance 
for dextiose does not var)^ with the seventy of the aithntic piocess, 
and also showed that foci of infection appaiently have no specific effect 
on the sugai stoiage mechanism 

It is intended, in the piesent stiuh to piesent the data ioi a paiallel 
series of cases of the menopause t}pe of degeneiative aithntis in which 
the sugai toleiance test vas done coincident!} with the tests in the 
afoiementioned senes of miectious cases As pieviously descnbecV 
the arthritis of the menopause occuis chiefly m obese, middle- 
aged women at the time of oi just aftei the menopause, and is chal- 
actenzed by the piesence of giating knee joints and Hebei den’s nodes 
The evidence at hand points to a noninfectious ongm 

As seen in table 1, all of the patients in this senes weie vonieii 
Although the menopause sjndiome has been found occasionalh m men, 
associated with signs of endocnne failuie, the tj^pical case occuis in 
vomen following the climactcnc The aveiage age i\as 56 jeais 
The aieiage weight was 172^ pounds (78 2 Kg ), and the aveiage 
height 5 feet 2j/i inches (1588 cm ) The noimal weight foi voinen of 
this age and height is 141 pounds (64 Kg ) The ivomen m this gioup 
veie 31^ pounds (14 3 Kg ) overweight The women m the senes of 
infectious cases weie slightly undei weight It is also of inteiest to note 
that the aveiage age of women with the aithntis of the menopause is 
17 jeais in advance of the aveiage age of those in the infectious gioup 
These obsei v^ations aie consistent with those made foimerly - 

The mean systolic blood piessuie in this senes was 146 mm and the 
mean diastolic pressure 81 mm Six of the patients had a sjstohc pres- 
suie of 150 or moie, and five of these had a diastolic piessuie of inoie 

' Submitted for publication, Dec 5, 1928 
From the Cornell Clinic and the Department of Medicine of Cornell Uni- 
versiti Medical College 

1 Cecil, R L, and Archer, B H Aithntis of the Menopause, J A M A 
84 75 (Jan 10) 1925 

2 Cecil, R L , and Archer, B H Classification and Treatment of Chronic 
Arthritis, JAMA 87 741 (Sept 4) 1926 
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than 90 A maiked clegice of obcsit} ^^as picsent in nine cases oi in 
neaih half of the senes In fom mcmlieis ot this iiionp, the ohesite 
was associated with hypei tension Piacticall) all of these A\omen had 
passed the menopause with its concomitant cndociine changes It has 
been shown that obesit}’," h 3 'pei tension ‘ and endociinc d^sciasia' mae 
influence the sugai toleiance cuive A stucU of the foiegoing data 
shows that these factois weie opeiatne in this series of cases 


MFl'IIOD 

Ihe Ilamman and Hirschmau® inctliod of conducting the Icbt for sugai tolci- 
incc was used throughout this stud} It consists of the oral administration of 
100 Gm of dextrose while the patient is fasting Samples ot blood <md urine art 
tollecttd one-half, out, t\NO and three houis, respectively, after the ingestion of 


Iabu 1 — Clinical Data on Iwcnly Casi <; of lithnin oj the HtnnpauK 


Xum 
b( r 

Name 

AfeC 

Weight, 

Pounds 

Height, 

Indies 

Average 

Weight 

Pounds 

Blood 

Pressure 

t'.socntcd Conditions 

1 

H L 

51 

ZlGVi 

031^ 

141 

144/ 86 

Obi'itv 

2 

0 W 

01 

ISSV- 

00 

135 

180/110 

Obc=it\, In pi rtcn'-ion 

1 

G S 

lO 

1471/. 

6 SV 2 

138 

120/ 00 


4 

M S 

42 

151 

GO 

129 

110/ 70 


H 

N E 

60 

151 

02 V 2 

139 

120/ 65 


C 

J G 

49 

152'/. 

ooy. 

149 

170/100 

Hi pel tcn'-ion 

7 

E K 

03 

185 

oiy_ 

135 

150/ 78 

Obesitv 

9 

E S 

49 

2141/i 

59 

131 

140/ 70 

Obesiti 

» 

A D 

SI 

185 

63 

141 

114/ 74 

Obesitj 

10 

E T 

09 

180 

05 

148 

210/100 

Obesit}, h}poiten‘-ion 

11 

0 H 

55 

160 

03 

141 

140/ 80 

12 

A S 

53 

132 

04 

144 

130/ 80 


13 

L D 

43 

169 

03 

138 

120/ 70 


11 

M E 

04 

189 

01 

135 

192/102 

Htpeiloni-ion, olitsitt 

15 

0 McO 

GO 

115 

OO’V. 

135 

ISO/ 00 


10 

0 0 

03 

197 

02 

13S 

132/ 72 

Obesit} 

17 

E W 

08 

178 

03 

141 

140/ 80 

18 

M G 

50 

142 

02 

138 

110/ 80 


19 

G W 

53 

icsy. 

03</i 

141 

140/ 62 

H^poth}roidism 

20 

H E 

00 

229W 

04 

144 

174 /ICO 

Obcslt^ , Inperten'-ion 


the sugar The test is preceded by the drawing of the blood during fasting and 
the collection of a specimen of urine 

The quantitative determination of the blood sugar was made bv the Benedict" 
modification of the Lewns and Benedict® method The tests were performed in 


3 John, H J The Relationship of Obesit}’^ to Carbolndrate iletabohsm 
Am J M Sc 173 184 (Feb) 1927 Allison, R S Carbolndrate Tolerance in 
Overw'eight and Obesit}, Lancet 1 537 (]\Iarch 12) 1927 

4 O’Hare, J P Glucose Tolerance Test m Chronic Vascular Hs pcrtcnsion 
Am J M Sc 159 369 (March) 1920 Herrick, W W H}pertcnsion and 
1-1} pcrgl} cemia, T A !M A 81 1942 (Dec 8) 1923 

5 Janney, N, and Isaacson, J The Blood Sugar and Tlnroid and Other 
Endocrine Diseases The Significance of II} pogh cemia and the Dela}ed Blood 
Sugar Curte, Arch Int Med 22 160 (Aug) 1918 

6 Hamman, L, and Hirschman, F L Alimentarv H} pergh cemia and GKco- 
suria as a Test for Sugar Tolerance, Arch Int Med 20 761 (Xoi ) 1917 

7 Benedict, S R Note on the Determination of Blood Sugar hr the Modi- 
fied Picric Acid Method, J Biol Cheni 37 503, 1919 

8 Lewis, R, and Benedict S A Method for the Estimation oi Sugar in 
Small Quantities of Blood, J Biol Chem 20 61, 1915 
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the Cornell Clinical Pathological Laboratory under the supervision of Dr Thro 
It should be noted that the procedures followed in this series were the same as 
those employed by Pemberton and Foster,® and by me in the study of the 
infectious cases 

COMMENT 

The results of the tests are shown in table 2 

The mean level dining fasting for this series was 0111 per cent 
One-half hour after the administiation of the dextrose, the mean 
leading foi the group was 0 166 per cent At the end of an hour the 
figure rose to 0 167 per cent Aftei two hours it was 0 138 per cent, 
and at the end of three houis the curve dropped to 0 114 pei cent The 
highest level duimg fasting in any one case in the series was 0 125 pei 

Table 2 — Obscivatioits on the Blood and Unnc 


Blood Sugar, m Milli- 

giams per Hundred Cubic Centimeters Unne Sugar 



i 

% 

1 

2 

\ 

3 

First Second Third Fourth Fifth 

Number Easting 

Hour 

Hour 

Hours Hours 

Test Test Test Test Test 

1 

125 

166 

187 

136 


Negatn e Negative Negative Negative Negative 

2 

100 

166 

166 

115 

115 

Negative Negative Negative Negative Negative 

3 

115 

150 

136 

115 


Negative Negative Negative Negative 

i 

115 

166 

150 

115 

115 

Negative Negative Negative Negative Negative 

5 

107 

150 

166 

166 

136 

Negative Negative Negative Negative Negative 

6 

115 

136 

166 

125 

100 

Negative Negative Negative Negative Negative 

7 

115 

166 

200 

187 

125 

Negative Negative Negative 

s 

100 

166 

166 

133 

lOO 

Negative Negative Negative Negative Negative 

9 

125 

230 

187 

166 


Negative Negative Negative Negative Negative 

10 

100 

150 

136 

136 

115 

Negative Negative Negative Negative Negatue 

11 

115 

166 

166 

150 

125 

Negative Negative ++ ++ ++ 

12 

100 

150 

150 

136 

115 

Negative Negative Negative Negative Negative 

13 

115 

150 

150 

150 


Negative Negatn e Negative 

14 

115 

187 

230 

187 

125 

Negative Negative Negative ++ Negative 

13 

115 

166 

187 

136 

115 

Negative Negative Negative Negative Negative 

16 

115 

187 

166 

150 

100 

Negative ++ ++ 

17 

125 

187 

214 

136 

125 

Negative Negative Negative Negative Negative 

18 

107 

166 

150 

125 

100 

Negative Negative Negative Negative Negative 

19 

100 

136 

125 

125 

115 

Negative Negative Negative Negative Negative 

20 

90 

125 

150 

107 

95 

Negative Negative Negative Negative Negative 

cent 

The lowest level 

was 

0 090 per cent The maximum concentia- 


tion in an} one case after the ingestion of dextiose was 0 23 pei cent 
The minimum response was 0 136 per cent Glycosuria was present 
m only three cases 


Considered by the criteria adopted in the previous study, a post- 
prandial reading of blood sugai of 0 17 per cent or more was taken 
to be an eiidence of a diminished sugar tolerance As seen in table 2, 
seven cases, or 35 per cent of the series, fall into this category The 
failuie of the toleiance curve to letuin to the fasting level three hours 
after the administiation of dextrose is conceded by practically all 
obseneis to be an evidence of a diminished power to assimilate dextrose 


9 Pemberton, R , and Foster, G Studies on Arthritis in the Army based on 
Four Hundred Cases III Studies on the Nitrogen, Total Fat and Cholesterol 
of the Fasting Blood, Renal Function, Blood Sugar and Sugar Tolerance, Arch 
Int :Med 25 243 (Alarch) 1920 
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Se\en, oi 35 pei cent of the gioup, had a noimal toleiance peak but 
the cuive failed to return to the piedextiose le\el in thice houis Onh 
two cases, oi 10 pei cent of the senes, showed both a inaMinum con- 
cent! ation of moie than 017 pei cent and a failuic of the cui!e to 
letuin to the piedextiose level in thiee houis 

If all cases in which a derangement of the su^ai tolciance was 
piesent aie included, it is found that fouiteen cases, oi 70 pei cent of 
this series, show a diminished toleiance foi dextiose This lesult is 
111 maiked contiast with the paiallel gioup of infectious cases in wdiich 
only 15 pel cent of the senes show^ed a diminished pow'Ci to assimilate 
dextiose The obsenations aie also abnoimal as compaied with the 



Aveiage curve for the menopause senes contrasted with the average curve loi 
the intectious cases, and with the curve for the normal subjects as gnen b\ Gra\ 
N lepresents the normal curve, I the curve for the infectious cases, il/, the cur^c 
for the menopause cases, and U N L , the upper normal limit as established b\ Gra\ 

figuies lepoited by Giay^” who noted depaituies fiom the a!eiage 
toleiance cuive in 13 pei cent of a senes of 300 clmicalh noimal 
subjects 

In the chait is seen the mean ciiiee of the entiie senes as contrasted 
wnth the mean cunes of the senes of infectious cases and of Gnu’s 
senes of 300 noimal subjects 

The aieiage piedextiose le\el in the menopause cases (0 111 per 
cent) w^as the highest of the thiee groups The aceiage lilood sngai 
concenti ation one-half hour aftei the admmisti ation of the test load, 
was 0 163 pel cent a postdextrose use of 0 052 per cent Aftei one hoiii 


10 Gra^, H Blood Sugar Standards, Arch Int Med 31 241 (Feb ) 1923 
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the aveiage maximum concenti ation (0 167 per cent) was leached This 
uas a postpiandial rise of 0 056 per cent which was above the normal 
maximum postdextrose rise (0 05 per cent) as determined by Gra} 
It IS mteiesting to note that the aveiage maximum blood sugar concen- 
ti ation in the menopause group was leached in one hour, while in the 
infectious cases and m the noimal group tested by Gray the greatest 
concenti ation A\as attained in one-half hour This observation is con- 
sistent with that of Spence who found a tendency m oldei subjects to 
ha\e a highei and a moie prolonged cul^e This may be the explana- 
tion for the fact that the menopause cuive fails to retuin to the pie- 
dextrose level in three houis, the average leading at that time being 
0 114 pel cent, and theiefore 0 003 pei cent higher than the level main- 
tained dm mg fasting 

A comparison of the sugai toleiance between the menopause and 
the infectious cases shows that the average maximum blood-sugai 
concenti ation in the foimer group was 0 167 pei cent, while in the lattei 
it w'as only 0 146 per cent Fuitheimore, the postdextrose rise in the 
menopause series w^as 0 056 per cent while in the infectious group it 
w'as only 0 038 pei cent In the infectious cases theie was a return to 
the predextiose level aftei three hours, while in the menopause senes 
the mean curve at the end of the test w^as above the level maintained 
dm mg fasting Fmall}, wdiile the aveiage piedextiose reading of the 
menopause cases was only 0 003 pei cent highei than the mean pre- 
dextiose level of the infectious gioup, thiee houis aftei the feeding 
of dextiose the menopause curve is 0 012 pei cent highei than the mean 
leading foi the infectious cases It is mteiesting to note that patients 
with arthiitis of the menopause, wdnch is believed by most observeis^' 
to be of noninfectious oiigin, show a diminished sugai toleiance wdiile 
those wuth arthiitis of the chionic infectious type fail to show'’ this 
deviation from the normal 

Theie aie operative m this series of menopause cases othei factors 
than the disease of the joints which should be given due consideration 
111 the mteipretation of the lesults obtained It has been showm that 
obesity, h} pei tension and endocrine dyscrasia may influence the sugai 
tolerance cuive As already indicated, five of the patients had a definite 
h} pel tension Three of these, or 60 per cent, showed a diminished 
tolerance foi dextrose The clinical diagnosis of obesity was made in 
nine cases of this group Seven of these, or 78 per cent, show'ed a 
loweied sugai tolerance In four, the obesity was associated with 
hypei tension Of this group, thiee, oi 75 pei cent, show'ed a diminished 

11 Spence, J C Some Observations on Sugar Tolerance, with Special Ref- 
erence to Variations found at Different Ages, Quart J Med 14 314 (July) 1921 

12 Symposium on Climacteric Arthritis, Proc Rov Soc Med 20 511 (Feb) 
1927 
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loleiance foi dextrose While the dcgiee of cndociine distuibancc 
piesent in this senes of patients cannot be accuiatcl) deteimined, it 
may be assumed that m all of those who aie either passing thiough oi 
ha’ve passed the menopause, a definite endociine d}sciasia is piesent To 
what extent this influences the lesults obtained, it is impossible to sa\ 

In this senes of fouiteen patients ivith aithntis of the menopause 
who show’- a diminished sugai toleiance, ten, oi 71 pei cent, ha\e as 
associated conditions, hypei tension, obesity or both All fouiteen aie 
affected b}’ the endocnne changes of the menopause As it has been 
showm that any one of the factois mentioned ma) cause a diminished 
toleiance foi dextiose, one cannot diaw’ the conclusion that the dimin- 
ished sugai toleiance found in the piesent senes of cases is due to the 
chiomc disease of the joints that is piesent 

CONCLUSIONS 

1 In a senes of tw^enty typical cases of aithntis of the menopause 
fouiteen, oi 70 pei cent, show a diminished sugar toleiance This is 
in maiked contiast to the parallel senes of infectious cases m which 
onl} thiee oi 15 pei cent, show^ed alow’eied toleiance for dextrose 

2 Ten of the fourteen cases showing a loweied tolerance foi 
dextiose have, as associated conditions, hypei tension oi obesit) oi both 

3 As it has been demonstiatcd that eithei hj pei tension or obesiti 
may cause a lowenng of the sugai toleiance, it is impossible to saN that 
the diminished sugai toleiance found m this senes of cases is due to the 
chionic disease of the joints that is piesent 



INORGANIC SERUM SULPHATES IN RENAL 
INSUFFICIENCY 

A COMPARATIVE STUDY OF BLOOD UREA AND CREA.TININE 
THE EEEECT OE DIURESIS ON SERUM SULPHATES * 

E G WAKEFIELD, M D 
Fellow in Aledicine, The Maj^o Foundation 

ROCHESTER, MINN 

The paucity of knowledge concerning sulphate constituents of the 
hlood piobahly is due to the fact that methods have not been available 
which could be used because the quantities of blood lequired for 
giavimetiic oi volumetiic proceduies weie iinpiacticable During the 
last few yeais, howevei, seveial so-called mici ochemical methods have 
been desciibed Notewoithy of these methods aie the nephlometric 
method of Denis, the coloiimetiic method of Hubbard,- the gravimetiic 
method of Loeh and Benedict^ and the volumetiic method of White 
The lattei is a modification of Fiske’s ^ volumetiic method foi detei- 
mining uiinaiy sulphates 

In lecent yeais seveial mvestigatois have detei mined blood sul- 
phates in noimal and in vaiious pathologic conditions Noimal sul- 
phate values do not compaie ver}^ well, as is shown in table 1 One of 
the factois which might cause dispaiity of results is that a difterent 
method was used in each instance 

Blood sulphates have been as caiefully studied m lenal disease as in 
any pathologic condition In 1921,® Denis reported lesults Avhich indi- 

Submitted for publication, Jan 9, 1929 

■■Work done under supervision of Dr N M Keith, Division of IMediciiie, 
The Ma 3 "o Clinic 

1 Denis, W Sulfates in Blood, J Biol Chem 49 311, 1921 Denis, W, 
and Reed, Lucille Methods for the Determination of Some of the Nonproteiii 
Sulfur Compounds of Blood, J Biol Chem 71 191, 1926 Denis, W, and Reed 
Lucille A Studj of the Influence of Kidne}’- Function on the Concentration of 
Certain Nonprotem Sulfur Compounds m the Blood, J Biol Chem 73 41, 1927 

2 Hubbard, R S A Colorimetric Method for the Determination of Sul- 
phate in Serum, J Biol Chem 74 5, 1927 

3 Loeb, R F , and Benedict, Ethel M Inorganic Sulphates in Human 
Blood, J Clin Investigation 4 33, 1927 

4 White, H L Studies on Renal Tubule Function HI Obsenations on 
the Excretion of Sulphate with a Modified Technique for the Determination of 
Inorganic Sulphate m Blood or Plasma, Am T Phjsiol 65 537, 1923 

5 Fiske, C H The Determination of Inorganic Sulfate, Total Sulfate, and 
Total Sulfur m Urine by the Benzidine ilethod, J Biol Chem 47 59, 1921 

6 Denis (footnote 1, first reference) 
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cated that the inoigaiiic sulphates weie lelained in cases of lenal 
insufficiency, and that this retention had some relation to the letention 
of nonpiotein nitiogen In 1928, this same obseiver ‘ made a second 
study 111 a few cases of nephiitis and concluded, “Theie does not appeal 
to be any diiect relation between the letention of nonpiotein nitiogen 
and 11101 game sulphate” Loeb and Benedict studied sulphate letention 
IS caidiac and leiial disease, and concluded that there uas a relationship 
between letention of sulphate, uiea and cieatmine 

The objects of the following study were (1) to deteinime whethei 
111 diffeient t}pes of leiial insufficiency inoigaiiic sulphates are letained, 
(2) if they aie retained, to find out whethei theie is any lelationship 
between this retention and the letention of uiea and cieatinine, and (3) 
to study the effect of diuiesis on serum sulphates 


Table 1 — Compm isons oj Notmal Inoigatiic Sulphates 




Sulphates in 

Sulphates in 


Sulphites m 

Each 100 Cc 

Each 100 Cc 


Each 100 Cc 

of Scrum 

of Serum 


of Plisma 

(Loeb and 

(Results b\ 

Case 

(Denis)* 

Benedict) 

the \uthor) 

1 

1C 

27 

0 "> 

2 

10 

3 4 

OC 

3 

1 4 

4 1 

1 1 

4 

1C 

4 8 

1 1 


1 3 

21 

1 2 

(i 

00 

34 

1 . 

7 

07 

34 

1 3 

b 

1 4 

34 

1 4 

') 

10 

4 1 

1 4 

10 


4 1 

1 4 

11 


24 

1 0 

12 


34 

1 5 

13 


27 



* Denis’ original figures Aieie in tciins of sulphui In this tabulation her flguiC' are 
expressed in terms of sulphate 


The geiieial types of cases studied may be enuineiated as follous 
leiial insufficiency secondary to geneiahzed vascular disease, 29, acute 
and chionic diffuse glonieuilonephiitis, 11 , chionic nephiosis, 5, chionic 
pyelonephi itis, 2, leiial msufficienc} associated with hypeitiophv of the 
piostate, 2, leiial hthiasis, 1, and acute leiial insufficienc} following 
an opeiation, 1 

The samples of blood foi the deteimniations weie obtained fioin 
patients who weie in the hospital, and weie diawii from two to thiee 
houis aftei the nioinmg meal In most instances, the patients had been 
111 the hospital for two or moie da}s and w’ere fairh w’ell established 
on a low piotem, low’ salt diet wuth a libeial fluid intake of 2,000 cc oi 
11101 e daily The blood w’as allow’ed to clot and then the serum was 
sepal ated by ceiiti ifugating Samples for the determination of uiea 

7 Denis, W Herrmann, G R , and Reed Lucille The Xonprotein Sulphur 
of the Blood in Certain Pathological Conditions, A.rcli Int Med 41 385 (^farch) 
1928 
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and cieatmme weie diawn at the same time as those foi the sulphates 
Inoiganic seuim sulphates weie detei mined by a coloiimetiic method, 
the iDrinciple of which was first desciibed by Hubbard® Cieatinine 
in whole blood was determined by the method of Fohn and Wu,® and 
uiea by the method of van Slyke and Cullen All detei minations of 
sulphates were done in duplicate Noimal values for serum sulphate 
lange fiom 1 5 to 0 5 mg in each 100 cc of seiuni (table 1) It has 
been obseived that values for seium sulphate m patients vho are in the 
hospital for causes other than lenal disoideis and m whom theie is no 
suspicion of leiial disease, are higliei than the values shown m table 1 
Values for serum sulphate in ten patients who weie m the hospital, 
together with the clinical diagnosis, aie given m table 2 This table 
IS offered in the hope that it will illustiate that values for inoiganic 
seium sulphate may be much highei than the noimal values given in 
table 1 without any known leason 


Table 2 — Inoiganic Scnint Sulphates in Hospitaheed Patients Who Did Not 

SIiozv Evidence of Renal Disease 


Case Diagnosis 

Inorganic Semm Sulphate m 
3Ig for E leh 100 Cc 

1 Duodenal uleei 

30 

2 Diabetes mellitus 

ol 

o Diabetes mellitus 

o 2 

•i Hypoglycemia 

19 

5 Carcinoma stomach 

23 

6 Carcinoma stomach 

20 

7 Pulmonary tuberculosis 

30 

8 Ovarian tumor 

25 

9 Bleeding hemorrhoids, secondarj anemn 

21 

10 Neurasthenia 

23 


Foi the sake of clearness, the lesults aie dnided into thiee aibitiaiy 
gioups The lesults lecoided in table 3 were obtained in cases in vhich 
the urea content of the whole blood was moie than 100 mg in each 
100 cc , in table 4, in cases in which the uiea content of the whole 
blood was fiom 70 to 100 mg in each 100 cc , in table 5, in the cases 
in which the uiea content of the whole blood was fiom 40 to 70 mg 
in each 100 cc 

The patients who made up gioup 1 (table 3) were in the terminal 
stages ot different t 3 pes of lenal and vascular disease Case 14, m 
which the highest sulphate value was found, was an instance of the 

8 Full details of the author’s experience with this method are included in 
Wakefield, E G The Calorimetric Determination of Total and Inorganic Sul- 
phates in Blood Serum, Urine and Other Body Fluids, J Biol Chem 81 713 
(Alarch) 1929 

9 Fohn, Otto, and Wu, Hsien A S^stem of Blood Analysis, J Biol Chem 
38 81, 1919 

10 Van Slyke, D D , and Cullen, G E A Permanent Preparation of Urase 
and Its Use in the Determination of Urea, J Biol Chem 19 211, 1914 
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so-called malignant hypei tension of Keith and Wagenei Renal 
insufficiency developed, and the patient died fiom uiemia It is veil 
to point out the fact that the values foi inoiganic sulphates in this 
gioup piobably aie technically a little high as the phosphates veie not 
lemoved fiom the tiichloi acetic acid filtiale The impoitant thing is 
that without a single exception, inoigamc sulphates aie inci eased Theie 
IS no stiict con elation between the inciease of sulphates and letention 


Table 3 — Compmison of Retention of Uica and Cicatminc zvitli the Quantity 
of Inoigamc Setum Sulphates in Uicinia 



Uren, 

Creatinine, 

Inorganic Snlpli ite, 


Mg in Each 

Mg in I'ach 

Mg Sulphate in 


100 Cc of 

KiO Cc of 

null 100 Cc of 

Cnee 

Whole Blood 

W hole Blood 

Blood Serum 

1 

lOG 

4 1 

0 S 

O 

113 

GS 

» 1 

3 

no 

5 7 

C > 

4 

117 

0 5 

0 ') 

5 

12'> 

") {) 

S 4 

r. 

127 

*) 0 

7 2 

7 

12S 

7 0 

0 

s 


7 0 

11 1. 

0 

IG, 

S 0 

12 0 

K) 

209 

37 

3)S 

11 

212 

90 

18 0 

12 

250 

11 2 

33 2 

13 

25S 

11 4 

loO 

14 

203 

4 7 

0 2 

I'l 

274 

32 Z 

39 8 

IG 

32S 

li 0 

30 0 


Table 4 — Conipai iion of Retention of Utea and Cicatminc railli the Qnantit\ of 



Inoigamc Sennn Sulphates m Cases in 
Uiea IVcic Betzveen 70 and 100 

Which the I aliic\ 
mg in Each 100 

r ioi Blood 

cc 


Drca 

Creatinine, 

Inorganic Sulphates, 


Mg in Each 

Mg in Each 

Mg Sulphate in 


100 Cc of 

100 Cc of 

1 a eh 100 Cc of 

Case 

Whole Blood 

Whole Blood 

Blood Serum 

1 

70 

24 

4 0 

2 

71 

3 G 

0 " 

3 

74 

27 

■>7 

4 

77 

3 ^ 


’) 

7S 

*) 

4 7 

G 

S3 

3 ') 

> s 

7 

SO 

12 

82 

s 

on 

4 1 

G >■ 

9 

03 

o ■> 

7 7 

10 

OS 

5S 

SI 


of uiea and of cieatinine Foi example, one might point out the fact 
that the value of seium sulphate in case 10 is piactically twice that in 
case 11, wdieieas theie is a difiteience of 3 mg in each 100 cc in the 
values of blood uiea in the same two cases On comparison of the 

11 Keith, N M , Wagener, H P and Kernoinn T W The Snidrome ot 
Malignant H^pcrtenslon, Arch Int Med 41 141 CTan ") 1928 M'agencr H P 
and Keith, N Cases of IMarked PT^pertenslon, \deqnate Renal Tunction 

and Neuroretinitis, ibid 34 374 (Sept) 1924 
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values ot cieatinine in these two cases, it is seen that the leveise is 
tiue, that IS, in case 11 twice as much creatinine is retained as in 
case 10 

In gioup 2 (table 4) theie is widei variation in the lesults The 
highest values foi sulphate are in cases 2 and 4, between which theie 
IS a ditleience of 6 mg of urea m each 100 cc of blood It happens 
that the first and last cases have the lowest and the highest values 
for urea and creatinine, respectively, but between cases 9 and 10 theie 
IS a difference of 2 3 mg in the blood cieatinme in each 100 cc , with 
a diffeience of onl}'- 5 mg in the blood uiea m each 100 cc and a 
diffeience of 0 6 mg in each 100 cc m the values for seium sulphate 

The values for inorganic sulphates in gioup 3 (table 5) vary moie 
than in either of the othei two groups Practically the same can be 


Table 5 — Couipat ison of Retention of Uiea and Cieatinine zvith Quantity of 
Inoigantc Seium Sulphates in Cazes in Which the Values foi Blood 
Ui ea W Cl e Behvecn 40 and 70 mg in Each 100 cc 



Urea, 

Creatinine, 

Inorganic Sulphates, 


Mg in Each 

Mg in Each 

Mg Sulphate m 


100 Cc of 

100 Ce of 

Each 100 Cc of 

Case 

Whole Blood 

Whole Blood 

Blood Serum 

1 

40 

16 

90 

2 

41 

20 

26 

3 

4S 

29 

04 

4 

49 

1 4 

32 

5 

50 

20 

25 

c 

54 

21 

27 

7 

CO 

27 

4 0 

8 

C2 

4 5 

4S 

0 

63 

23 

59 

10 

W 

32 

38 


said of the cieatinine In case 1 in this gioup the values foi uiea and 
creatinine aie normal, while theie is letention of sulphates With a 
difference of 1 mg in each 100 cc of blood, theie is piactically twice 
as much creatinine in each 100 cc of blood in case 8 as in case 9 
In all the determinations, the values foi inoiganic seium sulphates 
aie lelatnel)'’ highei than foi the creatinine Theie aie wide vaiiations 
but the significant thing is that when theie is a definite letention of 
either uiea oi creatinine, oi an inciease in sulphates, there is usuallv 
letention oi inciease of the other two Theie aie exceptions to this, 
an example of which is case 1, table 5 It may be that vaiiations m 
lenal lesions account for some of the vaiiations obsen'^ed in the relative 
degree of letention of uiea, creatinine and sulphates This does not 
explain the possibilities foi the wide variations in values for inorganic 
seium sulphates Attempts have been made to ascertain some of the 
conditions which influence the level of inorganic serum sulphates 
Following Denis’ suggestion that diuiesis may influence the level of 
serum sulphates the following experiments were carried out 
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In five cases of edema of lenai oiigin m which meibaphen was 
given intravenously in doses of 2 cc , inoigamc seiuin sulphates vere 
detei mined jUSt befoie and six hours aftei the admmistialion of the 
diug, with the results shown in table 6 It is seen that m every case 
there is a small but a definite deciease in the sulphates aftei diuresis 
In anothei set of experiments designed to test the influence of the 
intake and output of fluid on inoigamc serum sulphates, patients with 
suspected leiial disease weie given the water and concentration tests of 
Volhard and Fahr, in the order named On the morning of the day foi 


Table 6 — Compm tson of Inoigamc Sei urn Sulphates Befoi e and Aftei Inti avenous 
Admimsii ation of 2 cc of Mcihaphen 



Sulphates Before 

Sulphate Six Hours 

Amount of Drmc 


Merbiphen, Mg 

Alter Merbaphen 

Voided During the 


Sulphate in Each 

Mg Sulphate in Each Si\ Hour Period After 

Case 

100 Cc of Scrum 

100 Cc of Scrum 

Merbaphen, Cc 

1 

25 

2 3 

1,800 

2 

30 

2 9 

1,500 

3 

23 

20 

1,200 

4 

32 

25 

1,750 

5 

23 

1 3 

1,000 


Patients received a carefully weighed diet, with daily fluids less than 1,000 cc 

Table 7 — Comparison of Inoigamc Seiunt Sulphates Befoi c and Aftei the 


So-Called Waiet and Concentration 

Tests of Volhaid 

and Fahi 


Before 1,500 Cc 

Pour Hours After Thirty Hours Without 


of Water by 

1,500 Cc of Water 

Water F\copt the 200 

Case 

Mouth 

by Mouth 

Ce in the Diet 

1 

13 

07 

09 

2 

IG 

16 

1 5 

3 

15 

1 4 

21 

4 

22 

23 

2 1 

5 

19 

22 

2 1 

0 

98 

85 

10 9 

7 

GS 

7 1 

79 

8 

15 

1 4 

1 7 

9 

12 

1 1 

1 5 

10 

IS 

12 

20 


the water test, before the water was given, blood w'as taken for the 
determination of sulphates Breakfast was omitted, and 1.500 cc of 
w^ater was given at 8 a m At noon, after the diuresis caused by the 
intake of water, another sample of blood was taken for determination of 
sulphates The changes after diuresis caused by intake of w^ater were 
not significant A day intervened between the water and the concen- 
tration tests, during which the patient w^as allow^ed a liberal intake of 
fluid and a low protein diet After the patient had been receiving the 
“concentration diet” foi about thiity hours, during wdiich time the 
water in the foods of this diet w^as all the patient had, blood w^as taken 
for determination of sulphates The results are show n in table 7 The 
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evidence of renal insufficiency in cases 6 &nd 7 are tabulated in table 8, 
in this group, in cases 6 and 7 there was definite lenal insufficiency 
It IS interesting to note that only in these two cases was there a definite 
increase in sulphates while the patients were undei going the concentra- 
tion test This IS pointed out here because it may be significant and, too, 
this observation is in accord with some data I have on inorganic serum 
sulphates m Addison’s disease 

Apropos of the effect of diuresis on serum sulphates, two patients 
with diabetes insipidus were studied Both of the patients were men 

Table 8 — Evidence joi a Diagnosis of Renal Insufficiency in Cases 6 and 7 

m Table 7 




Plienolsul 

plionphthalein 

Bccov 

Hemo- ered Blood 
globin at tbe Urea, 
(Dare) End of Mg in 
per Two Each 

Blood 
Creat- 
inine, 
Mg m 
Each 

Low est 
Specific 
Grarity 
on 

Water 

Highest 

Specific 

Gravity 

on 

Concen- r- 
tration 

Blood 

Pressure, 

Mm of Hg 

^ , 

SjE- Dias 

e Urine Analysis 


Cent 

Hours 

100 Cc 

100 Cc 

Test 

Test 

tolic 

tolic 

Hyaline casts 
Granular casts 
Bed blood cells 
Pus 

+ + 

+ + 

+ + 
+++ 

60 

15% 

85 

33 

1004 

1 014 

180 

100 

Hj aline casts 
Granular casts 
Bed blood cells 
Pus 

+++ 

++ 

+++ 

+ 

40 

20% 

74 

24 

1005 

1 015 

130 

85 


Table 9 — Inoiganic Semin Sulphates in Clnonic Nephiosis 


Case 

Sulphates, Mg in Each 
100 Cc of Serum 

1 

18 

2 

30 

3 

14 

4 

1 5 

5 

20 


and were voiding more than 4,000 cc of urine daily Determinations 
on one of them showed 0 5 and on the other, 0 4 mg of sulphate in 
each 100 cc of serum The quantity of sulphates in the serum of 
these patients was of a low normal value Diuresis, of course, influences 
the level of serum sulphates, but in these two cases prolonged diuresis 
had failed to do more than lower the sulphates to low normal values 
Five cases of nephrosis in which blood urea and creatinine were 
normal were studied, with the results shown in table 9 The values 
for inorganic serum sulphates in these five cases of nephrosis are, on 
an average, higher than the average normal values given in table 1 
But the values m table 9 are not higher than values obtained on patients 
hospitalized for causes other than renal disease, as shown in table 2 
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SUMMARY 

In cases of renal insufficiency, when the blood uiea is above 100 mg 
in each 100 cc, values for inorganic seium sulphate are high 

With blood urea values between 70 to 100 mg in each 100 cc , 
serum sulphate concentration usually is increased However, this 
increase in serum sulphates apparently has no direct correlation with 
blood urea and creatinine concentrations 

Some evidence is offered that diuiesis lowers the inorganic serum 
sulphates 

Determination of inorganic seium sulphates in the five cases of 
chronic nephrosis studied were approximately normal This would 
indicate that there may not be any retention of inorganic sulphate in 
nephrosis 

Attention is called to the fact that patients who do not show evi- 
dence of renal disease may have higher inorganic serum values for 
sulphate than those observed m normal active peisons 



A CHEMICAL STUDY OF URINE AS EFFECTED BY 
COMBINATIONS OF AMMONIUM CHLORIDE 
AND METHEN AMINE 

EDWIN C WISE, MS 

AND 

FREDERICK W HEYL, PhD 

KALAMAZOO, MICH 

Since the classic paper of Hanzlik and Collins,’^ the use of 
methenamine has been gieatly restricted, and it finds its chief appli- 
cation as a urinary antiseptic in acid uiines In this work acid sodium 
phosphate is suggested as an acidifying agent, and this suggestion is now 
found in most textbooks Since that time ammonium chloride has 
been recommended for the same purpose, and Helmholz - reported 
favorably on the combined use of methenamine and ammonium chloride 
in pyelitis in children 

Trendelenbuig ® leported the dissociation curve of methenamine at 
inci easing degrees of acidity At a />h of 5 2 and at a temperature of 
38 C , about 8 per cent of the drug is hydrolyzed m six hours In two 
hours considerably less than this, approximately 3 4 per cent will be 
conveited into formaldehyde At a pn of 6 3, about 1 per cent is 
hydrolyzed in two hours In six hours he found only 1 5 per cent 

In the urine, one may hope to approach a pn of 5 2 (±0 2) 
Assuming that 8 per cent were hydrolyzed, a dose of 100 grains (6 Gm ) 
would throw about 0 5 Gm of formaldehyde into approximately 
2,000 cc of urine, making a concentration of 1 4,000 If the ps is 
6 3 per cent, the maximum calculated concentration would be about 
1 20,000 In no case would these maximum values be obtained, nor 
would uniform concentrations of formaldehyde result in tests on differ- 
ent patients nor in tests made during diffeient periods of the day on 
the same patient Falk and Sugiura ^ showed that the concentration of 
methenamine recovered in the urine varied from 45 to 92 per cent when 
the drug is taken in doses of 15 grains (0 97 Gm ) It is therefore 
■evident that the difference between futile and effective urinary antisepsis 

* Submitted for publication, Feb 23, 1929 

*From the Research Laboratories, The Upjohn Company 

1 Hanzlik, P J , and Collins, R J Hexamethylenamin The Liberation 
of Formaldehyde and the Antiseptic Efficiency under Different Chemical and Bio- 
logical Conditions, Arch Int Med 12 578 (Nov ) 1913 

2 Helmholz, H F Therapeutic Value of Hexylresorcmol in Chronic 
Pvehtis of Childhood, Am J Dis Child 32 396 (Sept) 1926 

3 Trendelenburg, Paul Biochem Ztschr 95 146, 1919 

4 Falk K G , and Sugiura, K J Pharmacol & Exper Therap 8 39, 1915 
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can be explained leadily on the basis of known factois, {nrthcimoie, 
the effect of the ding is easily lost 

The question of proper dosage of each of the factois is thciefoie 
impoitant, and all results not obtained on a standard basal diet are 
of little help as the diet itself without a doubt frequently offsets the 
effectiieness of the uiinary acidifiei If the diet contains milk, the high 
buffer action of the moiganic salts will without a doubt offset the 
effectiveness of acid sodium phosphate in this direction As a matter 
of fact, the common use of this acidifiei requires dietary directions at 
the same time, for Hendeison and Palmei ® showed that its acidifying 
effect was mild, and Hanzhk and Collins ^ gave it in purgative doses to 
secure a desirable liberation of formaldehyde 

EXPERIMENTAL CONDITIONS 

To secure fuithei information we varied the time and dosage of 
methenamine and ammonium chloride ovei a considerable lange, to 
find out what quantities would prove sufficient on a basal diet which 
gave a bland neutial urine The conditions of the experiments weie 
as follows 

Diet — It was desired to select a basal diet that would allow plenty 
of food, be neaily normal, easily lepioducible and give the urine a 
of from 6 5 to 7 so as to make changes in acidity definitely marked 
The following diet was satisfactory in these lespects 

White bread, 250 Gm 
Boiled potatoes, 300 Gm 
Canned tomatoes, ISO Gm 
Canned peaches, 250 Gm 
Bananas, 150 Gm 
Canned asparagus, 100 Gm 
Butter, 90 Gm 
Milk, 1 pint 
Cream, Yz pint 
Water as desired 

Subjects — The subjects foi the expeiiment were normal young 
men employed around the plant by day at light labor They were 
restricted in no way except as to food and drink 

Samples — Samples of urine weie collected in most cases at interials 
of two hours from Sam until 10 p m The next sample was col- 
lected at 6 a m and together with those pieviously collected made 
up the twenty-four hour sample The samples were all preserved under 
toluene The various determinations were made as soon as the samples 
were voided 


5 Henderson, L J , and Palmer, W W J Biol Chem 14 81 1913 
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Methenaimne — Methenamine was qualitatively determined by the 
bromine water test A few drops of biomme water added to the urine 
gave an abundant orange precipitate m the presence of methenamine 
Tihatahle Acidity — A 10 cc sample of urine was titrated in the 
usual manner with tenth-normal alkali and phenolplithalem The result 
was expressed as cubic centimeters of tenth-normal sodium hydi oxide 
per hundred cubic centimeters of urine 

Hydrogen Ion Concentration — ^The hydrogen ion concentration was 
determined electrometncally by the use of a Leeds and Noithrup 
potentiometer and a qumhydrone electrode 

Foimcildehyde — The amount of foimaldehyde was estimated by a 
modification of the phlorglucin coloiimetiic method of Hanzlik and 
Collins ^ Congo-red solutions were prepared and standardized against 
solutions of formaldehyde of known concentration Smaller volumes 
were used than m the original method of Hanzlik 

Plan of Expel iment — The basal diet was fed for two oi three days 
until the average twenty-four hour pn was fairly constant and approxi- 
mately 6 5 Considerable experience with the diet on numerous sub- 
jects showed that the urinary pn would be approximately 6 5 when the 
diet was fed until the pn of the urine lemamed practically constant 
When this point of equilibrium was leached (usually in from two to 
three days), the substances to be tried were given, dissolved in water 

EXPERIMENTS 

Experiment 1 — Two subjects, W B and F D, were fed the basal diet for 
two days, and during the next three days were fed in addition five doses daily 
of a mixture of ammonium chloride, 15 grams (097 Gm ), and methenamine, 7j4 
grains (049 Gm ), making 75 grains (487 Gm ) of ammonium chloride and 37j4 
grains (2 43 Gm ) of methenamine per day The doses were given at 9 am, 
11 30 am, 2pm, 4 30 and 7pm Each dose was taken in approximately from 
6 to 8 ounces of water Samples of urine were collected at 8 a m , 10, 12 noon, 
2 p m , 4, 6, 8 and 10 p m The amount of formaldehyde, H-ion concentration, 
titratable acidity, methenamine and volume were determined as soon as the sam- 
ples were ^ oided The remainder of the samples were combined, preserved under 
toluene, and after the complete twenty-four hour output was obtained the H-ion 
concentration and acidity were determined on this composite sample The data 
for this sample are listed as “twenty-four hour average” m the accompanying 
tables The subjects were fed at 8 am, 12 noon and 5 pm The data are shown 
in table 1 and are illustrated m chart 1 

In table 1, it is shown clearly that while the unnaiy aciditv of the 
subject IS controlled desirably at points where hydiolysis can be 
expected, nevertheless, the dosage of methenamine is rather low, since 
the concentration of formaldehyde approximates 1 35,000 The early 
morning urine shows uniformly a concentration of 1 40,000, and dui- 
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ing the eaily hours of the day about four hours are required to bring 
the urinary concentration again up toward the maximum 

Experiment 2 — This experiment was carried out exactly as experiment 1, 
except that the two subjects, WB and FD, were given a larger dose of 
methenamine They received 15 grains each of ammonium chloride and methen- 
amine at regular intervals, avoiding meals as far as possible For two days five 
doses were given and on the last day seven doses A third subject, EG, was 
kept on the original dosage 


MMMBMpwBBBBBBBBBBBBBBBaBaBBBBBaaBBBflBBBBBBBBBBBBBaflBBBBBBBBBBBBBBBBBBBBBBBBBBlSSS 
VBFil^B^i^f^BIBBBBBBBBBBBBBBBBBBBBflBBaaBBflBBflBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBSSS 
rirArjK^fil^BBBBBBBBBBBBBBBaBaBBBBBBBBBflBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBSBBBSSSBBSviBBS 
■MBeflBBBBBBBBBBBBBBBBBBBBBBBBBflBBBBBBflBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBIBBBBBBBBUiaBS 
BBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBaBBBBflBflflflBBBBBBBBBBBBBBBBBBaBBBBBBBfllSBBSBSBB!llBSS 
BBBBBBBBBBBBBBaBBBBBBBBaflBBBBaBBBBBBBBBBBBflBBBBBBBBBaBBBBBBBBBBBBBBBBBJBBBSflMBBtSSS 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBaBBBBBBaBBBBBBBBBBBBBBIIBBBflBBBSSlBSS 
BBBBBBflBBflBBBBBBBBBBBBBBBBBBBBBaBBBflBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBHBBBBBBBriBlSflS 
BBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBaflBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBIlBBBBBBBBBtiBBI 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBI1BBBBBBi.BBIIBaS 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBflBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBriBBlIBBS 
BBBBBBBBBBBBBBBBBBBBBBBBBBBflBflBBBBBBflBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBinBBBBBBBBlIBBI 
BBBBBBBBBBBBBBBflBBBBBBaBBBBBBBBBBBBaBBBBflBBBBBBBBBBBBBBBBBBBBBBBBBBBBBrBBBBBBBBBUBBS 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBflBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBriBBBlIBBS 
BBBBBBBBBflaBBBBBBBBBBflBBBaBBBflBBBaflBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB’lBBBnBBB 
BBBBBBBBBBBBBBBBBBBBBBBBaaBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBriBBBBBBflBBBBBBBflUBBB 
BBBBBBBBBBBBBBBBaBBBBBBBBBBBBBflaBflaBaflBaBBBBBBBBBBBBBBBBBBBBBBBBnBBBaBBaBBBriBBBBliBBB 
B'JBKr^ii^riirrBBBaaflaBBBBBBBBBaBaBBBBaBBflBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBIBBariBBBBlIBBB 
riBrva^BiMr.BBBBBBBBBaBBBBBBaBaaBaaaaaBaaBBBBBaBaaaBBaaaBBaBaaBaBaBBBBBaBrflaBBBBBBBVBBi 
BBBaauaaBaBBBBBBBBaviiBBBBBaBaBHaaaaBaBBBBBBaBBBaaaBBBaariBBBaBaBEaBBBBaBiiBflrjaBBBBiBBi 
BBBBaBBBBBBBBBBBBBBl'iiaaaBBaaaBBaaaaaaaBBBBBBBBBaBaBBaaBVlBBaBaafjaBBBBBBlIBBrjaBBBBrBBI 
BBBBaBBBBaBBBaaBBBBf/lIBBBBBBaBBBBBaaBflBBaBBBaBaaaaBBBBaBB/ffBBBBBBnaBBaaBBItBBBBBBBBtaaB 
BBBBBBBBBBBBBaaBBBaifaaaaBBaaaaflBaBaaaBaBBBaBaBaaaaBBBar/aiiaBaBBaBaaaBaBBHBEaBBBBBiaBB 
aBBBBaaBaflBBBBBBBBarfaaBBaBBaaaBBBaaaaaBflBaaBBBaaaaaBBBiaiiaaBBBBBaBaaBBBiiarjBBBBBBiBBi 
BBBBaBBBBBBBBBaBaaBLiBiiaaBaaBBaBaaaaaBBaflBBBBBBaaaaBBBaaBnaaaBBB.BBBaaaBBiiaBaBB8BBBBBa 
BBBaBBBa8BBBBaaBaBaiBliaBaaaBaaBBflBBBBflBBBBBaaBBBBBBaaCiBBUaBaBBrJBBBBBBaB»BBBBBBBB»l 
BBBBBBBBBBiBBBBflaaBflai'aBBaaBBaBBaaaaBaBBBBBBaaaBBaBaBrjBBIJaaaBailBaBBBBBBBfJBBBBBBBaBBI 
a*4a»:KaraVAaaaaaaaaaaaBaaaaaaaaBaaaaaaaBaBBBBaaBaaaBaaaaaiiaaaaa«BaaaaaBaB iBBBBBBBaBBB 
riBr>anfjifMPaBBBaBaBafvaaiBBaaaaaBR<«aaaaBaBar.vBBaBBaaaBEaaaiiBaBBaBaaBaaaaBBBBaBaBBBBiai 
BBaaBBBBBaBBaBBBaanfiBaivaaaBBaBBBBBaBaaaBBrMaaBtiBBaaarjaaBijaBBaBBaaaBaBBBBBBaBBBBaBiBi 
aaBBBBBBBBBBaaBBBBiJ'j ■BiiaaaBBBa*^a laBaBaBBa'jrBaanaaaBaBBaai BBBBaaaaaaaaaBaaBBaBBBBBiBi 
BBaBBBBaBBBaBaBaBaifaiiBiiaaaBBBriBaniaaBBaaBaaaBaBMBBaBEaBBBi'BaaaiBBaBBaBBBaaBaBBBBBB.iBa 
BBaBBBBBBBBBBBaaaBir.Bliai’aBBBBrBBBUBaaBBflBriBa>1BBIi8BBBfiaBBBBBBBBI-aBaBBBBBBaaaBBBBBBBIiai 
BBBBBBBaBaBBBBBBBB iBiiBaBBaBB'JBBaiiBaaBaBBriBBiiBBraaaBBBBaBBBaaBi.aaaBaaaBBaBaaBBBBBBiin 
r.aH/i»Tarii'JBBaaBaBaBiBiiBBBBBBnBaaBnBaaaaBaBBaBBBaaaaEBaBBBBBaBBitaaBaaaBaBBBBBBBBBBaiiai 
'iBaiivi«!J*^*BBaaBaBBaBBi<BaJBBra8BBa»iaaBBBBvaiBBaaaBBBriBBaaBBaaBBnBBBB.vaaaBaaaaBBBflBBnBB 
8BAaBBBBBaBflaBBBar/BaiBBt1BB'iBBBaai.aBBBBBVBaBBBB.IiaBJBBBBBBBBBBIJBViBBL1BaaBBBBBBBBBBBUBI 
BBBaaaaaaBaaaaaaafiaBBaaiYarjaaaaaai BaaaaBiiBaBBBati^BVBaaaaaaaaaBfiariaaBBBBBBaBBBaBBBBiiBi 
BBBBaaBBBBBBaBaaMIBBBBaiVBBBBBBBaaaaBBBriaaBaBBttllBEJBBBBaBaBaBBrfBlBBBliaaBaBBBBBBBBBnaa 
BBBBBBBBBBBaBflaB'BlIBBBlBB'iBBBBBBaBBflaBBa'IBaBaaailllB'JBBaBBBalBBBlIVBaBBVBBBBBBBaBBBBBUBB 
8BBBBaaBaaBBBBaBB‘iBaBiaffassaBflBaBaaaBaB«BBBaBBBrvBBaBaBBB.aaBBBriaaaBBL^BBBBaBBBBBSjanBB 
BBBBBBBBBBaBaaaBaaBBBliar/BBBBaSSaBiaaBBaBaBBBaBBBNBBBaaBBaiiaaBBriBaBBBBBBaBaaBBKBBBBBI 
aaB^aaM'i*! BBBaaiiBaaBBiiBrjaaBBaaBBarvaBBavBBflBaBBai'jBBBBBBBflniBBBBiBaBBBak'aBBBBB’saBBBLBi 
riBbrifirAivjviriaaBBBriiaaaaiiBBBaaaBaaaiaiaBaariBaBaBBBBiiaaBBaBa^iHBBaaBBBBBBaBMBBBSfBBBBBini 
BBBaBEBBBBBaBBBiiiiBBBaiiaaBaBflBaBa.itiBBaafiaBBBBBaaiiaaBaasaBJiiaBBVBBaaaBBBBBBr^aBBBBBraB 
BBaaBBaaBaaaaaaiiriflBBair.aflaBaBBBBiinBBaB-iBBaBBBBaiiaBar.aaBBiinBaiiiBBBBBBaBfl^'^aaBaBBBBEBi 
aBBaBBBaBBBaaaa'iiiBBaBiriBBaaBBBBaiiMaBBaaBaBaBBBaraasiBBBaaiii<aarriBaBBBaaaBBBBB8BBBBB|H 
wmfim'M r*rir.»aaaaaj«aaaBBaaaaaaBaBBiiL*aaaaaBBBBBaBaB^aaaaaaBiiiiaai<ffaaaaaaaaBaaBaaBBBBBBaa 
riaai(r^Kir«a’'.irjBaBBaBaaaBaaaaBaaaaBBaiiaBBfrBaBBBaBaaaaaaaBaaaiiiaBii'iBaaaaaaBBaaaBflBBBaBiBi 
aaaBB'jaaaBaaBaflaBBBBBaaaaaBBBBBaBvaBaiiaBBaBBBBaBBaBBaaaaBEBatiBaaBBBBBBBBBaaBBBBBBBBi 
BBPn7V7ifsnaBBBavBBBaBBaaaaaaaBaBaa«aaafiBBBBBBBaaaBaBBBBBaaiaBrfBaaaaaaaaBBaB8BBBBBBBB| 
f.’Z’mitW.JOim I'JBaaafiaBaaBBaBBaaaaaaBaaiBaa laaBBaBaaaaaBBaaaBBaraauBBBaaaaaaBBBBBBBBBBBBBi 
’jBSiaBBBaMBBaaBfiBBBaaBBaBBaaBaaaaaiMBaaaaaaaaBaaaaBBBaBaBaiiBatf.aaBBBBBBaBaaaaaBBBflBBBB 
BBBBaBBBBBBBBanBBBBBaaBBBaBBBBBBB11UBVBBBBBBBBBBBBBBBBBBBBIIBB'>iBBBBBBBBBBBBBBBBBBBB8BB 
BnVSPSTK.'VrrZBBBBIIBBBBBBBBBaBBBBBBBBlIBBriBBBBBBBBBBBBBBBBBBBBimB.IBBBBBBBBBBBBBBBBBBBBBaB 
BBBBB'IBBBBBBBBBBBBBBaBBai'B.ariBaBBBBBBBBBBBBBBBBBBlIBB IBBBBBBBBBBBBBBBBBBBBBBB 
CiB^r^feii^E'Wli^BBBBJBBBBBBBaBBBBBBBBBBBBIllIBaBBBflBBBBBBBBBBBBBBRaaaBBBBBBBBBBBBBBBBBBaiBfll 
ajr^i'^':#'i«/^lBBBBBBaaBBBaBBBaBBBBBaaBiS5BBBB8BflBBBBBBBBBBBBBB8Bk*aBBBBBBBBBaBaaaBaBBflBaBl 
fiB'iPif^ftl^rjPJBBBBaBBaBBBBBBBBBBBBBBBBaaBBBBBBBBBBBBBBBBBBBBBaPBBBBBBBBBBBBBBaaBBBBBBTOI 

I^VBBBBBBBaBBBBBBBaBBBflBBM^BBBBBBBBBBBB — — — ^ — 

iH^BBBaBBaaBBBgBflBBBflBBaB^SSBlaS * 

BBBBBBBBBB5BBBaBBBBBBaiBBBBBBBBBBB2<BBVBn.,.-.r...,..,.....-^^..»^..........»...„ 

BBBBBBBaB77BBBBBBBBBBBBBBaBBaBBaBa'7aBriV//i/aa/<riray<r/#’/ae«IJBB72BBBBBBBBBBBBBaBBBBBBBfa:« 

BBBBBBBBBiLaBBBBBBBBBBBBBBBBBBaBaB:iBBBflBBaBBBBBBBBBBMBBaBB5BBBBBBBBBBBBBBBBBBBBBBB.^ai 

BBBBBBBBBBaBBBaBBBBBBBBBBBBBBBBBBBMBBBBBBBBBBBBBBBBBBBBBBBiSBBBBBBBBBBBBBBBBBBBBBBM 

BBBaBBBBBBBBBBBBBBBBaaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBaBBBBBBBBBBBBaBBBaBBBBBaa 

— If maiff if ■■■■■■■■■■■■■■■■■■»■ ■■■■■■■■■■■■■■BBBBBaBaBB_ 


Chart 1 — Difference in effectiveness of IS over 7j4 grains of methenamine 
with IS grains of ammonium chloride The broken line represents the results 
from 75 grains, the solid line, from 37j4 grains 


For the days on which 75 grains of methenamine was given, it will be observed 
that (although the urinary acidity is approximately the same as in experiment 1) 
the concentration of formaldehyde is of a somewhat higher order, approximately 
1 30,000 Particularly the earl}^ morning urine showed a much higher concentra- 
tion of about 1 20,000 

In general, it must be admitted that so far as the urinary concen- 
tration of formaldehyde in the day-time urine was concerned, at the 
same />h there was but little increase due to the additional methenamine 
We therefore extended the experiment on the third day to seven doses, 

“V 



Table 2 — Rcstilis of Expcumcnt 2 




Titrat- 



Titrat- 


For 

llcth 


Vol- 

able 


Vol- 

able 


malde- 

en 


Time 

lime 

Acidity 

pii 

Remarks ume 

Acidity 

Pii 

hyde 

nrninc Remarks 

Subject 1 


First Day 




Third Day 



10 a m 

95 

72 5 

560 

120 

22 0 

654 


a. 

Five doses of 

32 m 

470 

35 

6 51 

495 

60 

628 

-hi 100,000 

+ 

mcthcnamine. 

2pm 

370 

45 

G27 


17 0 

5 74 

1 30,000 

+ 

13 grains, 

4pm 

125 

30 5 

566 

140 

52 0 

5 63 

1 30,000 

-h 

ammonium 

Cp m 

95 

29 0 

G27 

195 

355 

563 

1 25,000 

+ 

chloride, 15 

Sp m 

220 

SO 

6S3 

130 

310 

5 72 

1 35,000 

+ 

grains, at 9, 

10 p m 

170 

4 0 

7 58 

no 

53 5 

5 74 

1 50,000 

+ 

11 30, 2, 4 SO, 7 

Gam 

345 

21 5 

G46 

330 

35 0 

5 81 

1 25,000 

■JL. 


24 hour 










average 

1,890 

110 

6 49 

1,675 

22 0 

5 84 


+ 



Second Day 



Fourth Day 



Sam 




90 

37 0 

565 

1 50,000 

+ 


10 a m 

130 

34 5 

613 

210 

16 5 

5 74 

1 100,000 

+ 


12 m 

420 

50 

6 50 

330 

17 0 

566 

1 50,000 



2 pm 

275 

90 

681 

440 

16 0 

5 65 

1 35,000 

+ 

Sanip liose 

4pm 

100 

18 0 

6 62 

155 

52 5 

6 54 

1 25,000 

4 - 


C p m 

110 

24 0 

6 42 

340 

25 5 

5 55 

1 80,000 

+ 


8pm 

240 

50 

7 22 

400 

17 5 

6 75 

1 40,000 

+ 


10 p m 

170 

30 

7 55 

345 

14 5 

692 

1 50,000 

'T 


Gam 

470 

14 0 

66S 

255 

54 5 

560 

1 20,000 

+ 


24 hour 










average 

1,915 

90 

680 

2,595 

210 

5 65 








Fifth Day 





8am 




75 

39 0 

5 76 

1 50,000 

+ 

Seven doses of 

10 a m 




155 

240 

5 54 

1 60,000 

+ 

same sub 

12 m 




210 

32 5 

6 48 

1 25,000 

+ 

stances at 

2pm 




530 

15 5 

5 33 

1 25,000 

-f 

8 30, 10, 11 SO, 

4pm 




75 

63 5 

530 

1 20,000 

+ 

1, 3, 7, 0 

Cp m 




120 

566 

531 

1 10,000 

+ 


8pm 




300 

210 

588 

1 35,000 

+ 


10 p m 




170 

84 5 

5 76 

1 23,000 

+ 


Gam 




146 

415 

5 56 

1 23,000 



24 hours 




1,7S0 

250 

5 65 




Sam 




70 

44 0 

5 51 

1 40,000 

+ 


Subject 2 

First Day 




Third Day 



10 a m 

170 

23 5 

5 77 

370 

5 5 

6 61 


a- 

File doses of 

12 m 

75 

24 0 

6 01 

620 

65 

6 03-i- 1 100,000 


mcthcnamine, 

2pm 

no 

27 5 

6 44 

425 

20 0 

558 

1 36,000 

+ 

15 grains, 

4pm 

100 

19 0 

G04 

430 

17 5 

6 50 

1 30,000 


ammonimn 

6pm 

55 

45 0 

6 75 

140 

665 

5 65 

1 20,000 

-h 

chloride, 15 

Sp m 

145 

225 

5 9S 

115 

54 5 

5 5G 

1 25,000 

“r 

grains, at 0, 

10 p m 

50 

35 0 

G32 

330 

230 

569 

1 35,000 

4- 

11 30, 2, 4 30, 7 

Gam 

370 

2S5 

CIS 

505 

39 0 

5 77 

1 25,000 

+ 


24 hour 










average 

1,075 

25 0 

618 

2,732 

25 5 

5 77 





Second Day 



Fourth Day 



Sam 




no 

255 

5 79 

1 60,000 

— 


10 a m 

225 

55 

714 

200 

15 5 

5 57 

1 100,000 

-h 


12 m 

SO 

no 

7 0S 

495 

15 5 

564 

1 45,000 

-h 

Same dose 

I 2pm 

176 

17 0 

6 80 

390 

230 

5 41 

1 30,000 



4pm 

490 

GO 

690 

495 

19 5 

544 

1 25,000 



G p m 

75 

26 5 

6 74 

310 

32 0 

564 

1 25,000 

+ 


S p m 

205 

95 

6 66 

330 

21 0 

5 46 

1 25,000 

-h 


10 p m 

445 

30 

7 43 

385 

18 0 

5 74 

1 40,000 

— 


Cam 

4G5 

14 0 

6 47 

430 

505 

5 72 

1 20,000 

-f 


24 hour 










a'v crage 

2,160 

90 

CSS 

3,145 

24 0 

563 


-i- 






Fifth Day 






Sam 




250 

14 0 

5 81 

1 80,000 


Seven dos'sof 

10 a m 




390 

10 0 

5 48 

1 100,000 


same sub 

12 m 




265 

370 

5 4G 

1 25,000 


stances at 

2pm 




^5 

31 0 

633 

1 20,000 

— 

8 30, 10, 11 30, 

4pm 




200 

610 

5 42 

1 10,000 

— 

1, 3, 7, 9 

G p m 




95 

965 

5 51 

1 10 000 



Sp m 




so 

62 5 

5 

1 15,000 



10 p m 




105 

59 0 

5 65 

1 25,000 



Gam 




385 

44 0 

0 tU 

1 15,000 



24 hr av 




2,125 

31 0 

5 01 


- 1 . 


S a m 




2g5 

11 0 

5 36 

1 60,000 





Table 2 — Results of Evpei tmenf 2 — Continued 




Titrat 




Titrat- 


For- 

Meth 



Vol- 

able 



Vol- 

able 


malde- 

en- 


Time 

ume 

Acidity 

pn 

BemarXs 

ume 

Aciditj 

Pn 

hyde 

amine BcmarXs 

Subject 3 

First Day 






Third Day 



10 a m 

65 

53 0 

6 30 


245 

120 

680 


+ 

Five doses of 

12 m 

75 

25 5 

6 73 


160 

35 0 

5 94 

1 60,000 

+ 

methenamine, 

2pm 

220 

13 0 

6 86 


130 

55 0 

5 99 

1 50,000 

+ 

15 grains. 

4pm 

365 

60 

700 


200 

40 5 

6 02 

1 60,000 

-t- 

ammonium 

6pm 

60 

49 5 

621 


380 

26 5 

5 79 

1 50,000 

+ 

chloride, 15 

S p m 

230 

10 5 

69S 


540 

12 0 

613 

1 100,000 

+ 

grains at 9, 

10 p m 

310 

40 

7 25 


125 

42 0 

5 87 

1 45,000 

-1- 

11 30, 2, 4 30, ' 

6am 

405 

23 5 

6 01 

End of 

255 

73 5 

5 65 

1 10,000 

+ 

24 hour 
a\ erage 

1,730 

12 5 

6 71 

first day 

2,035 

27 5 

5 97 

+ 




Second Day 




Fourth Day 



Sam 





65 

50 5 

563 

1 50,000 

-1- 


10 a m 

115 

20 0 

6 69 


75 

52 0 

5 60 

1 100,000 

+ 


12m 

SO 

29 5 

668 


120 

680 

5 72 

1 50,000 

+ 

Same dose 

2pm 

280 

13 5 

6 47 


140 

710 

5 49 

1 30,000 



4pm 

S5 

57 0 

5 94 


260 

42 0 

5 55 

1 30,000 

+ 


6pm 

95 

39 0 

613 


210 

54 5 

5 46 

1 20,000 

+ 


8pm 

145 

15 0 

6 64 


280 

28 5 

5 56 

1 25,000 

+ 


10 pm 

240 

60 

7 08 


195 

33 0 

5 51 

1 30,000 

+ 


6am 

155 

64 5 

5 68 

End of 

565 

39 5 

5 53 

1 25,000 

+ 


24 hour 
average 

1,195 

23 0 

6 35 

second day 

1,910 

410 

563 

+ 







Fifth Day 





Sam 





105 

20 5 

5 70 

1 70,000 

+ 


10 a m 





320 

18 0 

563 

1 70,000 

-i- 

Same dose 

12 m 





140 

53 0 

5 56 

1 45,000 

+ 


2pm 





120 

73 5 

5 43 

1 25,000 

+ 


4 pm 





140 

74 5 

5 39 

1 25,000 

-f- 


6pm 





70 

84 0 

514 

1 30,000 

+ 


8pm 





285 

335 

5 47 

1 25,000 

+ 


10 p m 





420 

17 0 

5 56 

1 30,000 

+ 


6am 





750 

24 5 

5 48 

1 40,000 

-H 


24 hr av 





2,350 

28 0 

5 51 

+ 


Sam 





70 

53 5 

5 41 

1 100,000 

+ 



increasing the intake of ammonium chloride to 105 grains (6 82 Gm ) 
This perceptibly lowered the ps, and the combined effect was to increase 
the concentration of urinary formaldeh)’-de to the order of 1 25,000 
or more, the early morning urine, in the case of F D , showing a concen- 
tration of 1 15,000 

Experiment 3 — This is an experiment in which the subjects started on the 
same dosage as in experiment 1, with five doses of methenamine and ammonium 
chloride, so that during the day 37j4 grains of the former and 75 grains of the 
latter were given This was then raised on the third day to seven doses, giving 
a third intake of 52 and 105 grains (3 43 and 6 82 Gm ) , respectively It can 
be observed at once from table 3 that at the 7j4 gram level for methenamine, even 
at seven times a day, the urinary concentration of formaldehyde is far below 
that found in experiment 2 in which 15 grams of methenamine was given from 
five to seven times a day 

The difference m the effectiveness of 15 over 7j4 grains of 
methenamine with 15 grams of ammonium chloride is shown in 
charts 1 and 2 In the first subject, F D , on five doses per day, the 
concentration was raised from approximately 1 45,000 to 1 30,000 on 
the first day On the second day the higher dose maintained 1 30,000, 
while with the lower dose the urine during a large part of the time 
showed ineffectual concentration With seven doses, the higher intake 



Table 3 — Rcsufi<; of E\pciuncni 3 




Titrat- 



Titrat- 


For- 

Motli 



Vol- 

able 


Vol- 

able 


inaldc- 

on- 


Time 

ume 

Acidity 

Pit EemarLs 

ume 

Aciditj 

Pii 

h\dc 

amine Remarks 

Subject 1 


First Day 





Third Dai 



10 a m 

90 

49 0 

566 

65 

20 5 

6 25 


a 

Fi\c do'cs of 

12 m 

165 

10 5 

616 

90 

43 5 

5 02 

1 60 000 

J- 

metiienamiiK , 

2pm 

540 

4 5 

6 74 

250 

27 0 

5 24 

1 45,000 

a_ 

7'A grain=, 
ammonium 

4pm 

115 

16 0 

6 78 

90 

03 0 

5 48 

1 45,000 

+ 

6pm 

115 

23 5 

6 35 

105 

07 5 

5 43 

1 40,000 


chloride, 15 

8pm 

270 

70 

668 

100 

11 5 

5 44 

1 30,000 

+ 

griln«, at o. 

10 p m 

100 

90 

711 

100 

49 0 

5 55 

1 40,000 

"h 

11 30 2, 1 30, ' 

6am 

24 hour 

245 

29 5 

6 27 

385 

44 5 

5 70 

1 30,000 

T 


average 

1,640 

12 5 

6 52 

1,185 

10 5 

5 09 





Second Dav 



Fourth Daj 



Sam 




70 

37 0 

5 85 

1 70,000 

•r 


10 a m 

75 

23 0 

6 35 

SO 

51 5 

5 77 

1 100,000 

+ 


12 m 

85 

11 5 

720 

95 

59 0 

5 62 

1 40,000 

a- 


2pm 

285 

55 

714 

200 

46 5 

5 36 

1 35,000 

a- 

Same do'-e 

4pm 

225 

15 0 

6 86 

115 

70 5 

5 40 

1 40,000 

+ 


6pm 

205 

SO 

7 33 

75 

775 

5 43 

1 43,000 

4- 


8pm 

320 

35 

7 40 

130 

46 0 

5 48 

1 40,000 

a- 


10 p m 

145 

35 

7 73 

120 

97 5 

5 01 

1 50 000 

-T- 


6am 

24 hour 

385 

11 5 

688 

315 

51 0 

5CS 

1 40,000 

+ 


average 

1,625 

80 

712 

1,200 

48 0 

568 





Filth Da> 


Sam 

70 

515 

5 74 

1 100,000 

+ 

Seven doses of 

10 a m 

230 

20 5 

5 65 

1 100 000 

4" 

same sub 

12 m 

230 

no 

5 56 

1 40,000 

4* 

stances at 

2pm 

370 

270 

5 27 

1 30,000 

4* 

8 30, 10, 11 TO, 

4pm 

185 

53 5 

5 20 

1 25,000 

4* 

1, 3, 7, 9 

0pm 

175 

38 0 

5 31 

1 35,000 

4* 


8pm 

195 

26 5 

525 

1 40,000 

4- 


10 p m 

150 

44 0 

5 37 

1 35,000 

4* 


6am 

230 

59 0 

5 46 

1 50,000 

4* 


24 hr nv 

1,835 

33 5 

5 48 


4- 


Sam 

135 

30 5 

3 36 

1 70,000 

4- 



Subject 2 First Da^ 


Third Da^ 


10 a m 

225 

4 0 

7 02 


213 

40 

6 71 


+ 

Fn c doecs of 

12 m 

145 

65 

7 44 


205 

27 5 

580 

1 80,000 

4- 

mctlienamine, 

2pm 

115 

15 0 

7 40 


225 

46 0 

5 48 

1 40,000 

H- 

7% grains 

4pm 

120 

150 

714 


135 

64 0 

5 50 

1 35 OOO 


ammonium 

0pm 

83 

38 5 

6 60 


175 

47 0 

5 53 

1 35,000 

a. 

chloride 15 

8 p m 

85 

25 0 

0 63 


305 

27 0 

5 46 

1 40,000 

+ 

grain®, at 9 

10 pm 

380 

50 

710 


350 

18 5 

5 85 

1 60,000 

4- 

11 30, 2, 4 SO, ; 

0am 

350 

27 0 

0 10 

Rnd of 

580 

35 5 

5 82 

1 40,000 

4- 


24 hour 
a\ erage 

1,505 

12 0 

680 

first dav 

2,190 

27 3 

3 77 


- 



Second Dai 




Fourth Da> 



8 a m 





235 

10 0 

5 83 

1 100,000 




10 a m 

180 

30 

7 20 


420 

13 0 

5 37 

1 100,000 

a. 


12 m 

120 

13 5 

604 


195 

SCO 

558 

1 40,000 

4- 

Same dose 

2 p m 

110 

20 5 

6 85 


125 

73 0 

5 51 

1 35,000 

— 


4pm 

125 

18 5 

6 80 


100 

670 

5 55 

1 33,000 

a- 


6pm 

95 

S35 

0 34 


150 

61 5 

5 49 

1 30 000 

a- 


8pm 

50 

370 

0 26 


385 

24 5 

5 44 

1 35,000 

— 


10 p m 

175 

4 0 

7 07 


300 

24 5 

5 79 

1 43,000 

a- 


6 a m 

440 

19 0 

6 00 

Fnd of 

790 

22 5 

600 

1 70,000 



24 hour 
ai erage 

1,293 

13 5 

0 54 

second dai 

2,750 

26 3 

5 70 

— 




Fifth Dai 


Sam 

ISO 

13 0 

5 75 

1 100 000 

-r 


10 a m 

105 

23 5 

531 

1 100,000 


"'cicn do®esof 

12 m 

365 

27 5 

5 49 

1 30,000 


same ®nh 

2pm 

230 

52 0 

3 42 

1 25,000 


®tance= at 

4pm 

295 

41 0 

3 37 

1 25,000 

4- 

8 39, 10 11 "0 

6pm 

190 

58 0 

5 42 

1 25.000 


1,3, 7, 9 

S p m 

240 

360 

3 54 

1 40,000 



10 p m 

320 

21 5 

5 78 

1 60,000 



0am 

730 

24 5 

5 56 

1 45 090 



24 hr av 

2 0-55 

29 5 

3 31* 




Sam 

520 

17 0 

564 

1 45 000 

— 



260 


ARCHIVES OP INTERNAL MEDICINE 


of inethenamine showed a concentration of 1 20,000 well sustained 
In all cases, the two hour peiiod in the morning gave urine of low 
foimaldehyde concentiation 

In the case of W B , shown in chai t 2, the advantage of the highei 
dose IS not so pionounced but is evident from the curves 

Chait 3 shows the close relationship of the pn cuive to the concen- 
tiation of formaldehyde in the case of E G , and explains the low 


riB-#za/#<i«'/aBaaaaaaaaBBBaaBaaaaBaaaaaaaaaaBaBaaaaaaaBaaaaiaaaaaaaBaaaaBBBaaBBBBBBiMBi 

BSMMttaHHaiBBBBBaBBBBBBaaBBBBBgBBBBBBBBBBBBBBBBBBBBBBBBaaBaBBBBBBaBBBBBBBBBBBBBBBBBBBB 


BriarafSrf^tf.'SflBBBBBBBaBflBBaBBai 


BBBBBBBBBitBBBBBaBBBaBBBaBBaBBaBBBaBBBBBBBBBBBBBBBBBBBBB 


KKraSiSSSSSSSSMKSKSSMKMSSSSSSSBSSSssMiiMiUliiiiliiliiiiilliiiiliiliiliiiii 


JBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBB 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBiBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
iaBBaBaaaBBBBiflBBBBBBaBBBBflBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBI 

'■BBUBBBBBBBBBBBBaBBBBBBBBaBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

JBBBBBBBBBBBBaBB 

BBBBBBBBBBBBBBBBBBBBBBBBi 

BBBBBBBBBBBBBBBBBBBBBBBBi 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBaBBBBBBBBBBBBBBBflBBBI 

BBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBB 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBflBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

BBBBBBBBBaBBBBBBBBBBBaBBBBBBBflBBBBBBBiBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBB 

BBBBBBBBBBBBBBBBBBBBBBaBBBBBBBaBBBBBBBBBflBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

BBBBBBPBBBBBBBBBBBBBBaaBBflBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBlBBBBBBBBBBBBBBBBBBBBBBBBB 

BriBl^iMIJ^>'«tiBBBBaBBBBBBaBBBiBBBBaBBBBBBaBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBaBBI 

VJir«9;4S2«?»iBBBBBlBBBBBBBBBBBBBaBBBBBBBBBflBBBBBBBBBBBBBBBrBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
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Chart 2 — The advantage of the higher dose is not so pronounced, but is 
evident from the curves The broken line represents the results from 75 grains, 
the solid line, from 37j4 grains 


concentration of formaldehyde at some periods as being due, not to 
an insufficiency of the acidifying factor, but to lack of available 
inethenamine 

Chart 4 shows what ma}’- be expected of ammonium chloride as a 
urinar}’- acidifier in 15 gram doses This curve is not scaled to hydrogen 
ion concentration but to the pn scale which dwarfs the increased acidity 
as represented by the curve 
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Chart 3 — Close relationship of the pn curve to the concentration of formalde- 
hyde in the case of E G , experiment 2 The chart shows the low concentration 
of formaldehyde as due to the lack of methenamine The broken line represents 
the formaldehyde , the solid line, the pn Each small square represents one hour 
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Chart 4 — The effect of ammonium chloride as a urInar^ acidiher The broken 
line represents the results for F D the solid line lor \\ B Each small space 
lepresents one and a half hours 
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SUMMARY 

Ammonium chloride, even against the high buffeiing effect of nearly 
neutial urine, produces a i^pid acidifying effect, which at a level of 
15 grams five times a day showed a pn of about 5 5 

Methenamme at a level of 73^ grains five times a day gave a concen- 
tration somewhat but not proportionately lower than that found at the 
dosage of 15 grains The acidity is of prime importance 

In this work the dosage of methenamme vaiied from 3734 to 
105 grains a day The higher doses gave the higher concentration of 
formaldehyde, other factors being equal Ammonium chloride did not 
yield the maximum acidifying effect until the second day 

Following the last dose in the evening, the concentration of for- 
maldehyde fell somewhat but usually became higher during the night, 
owing to the length of time the mine remained in the bladder The 
sample taken at 6 a ni usually had a high formaldehyde concentration 
since most of the methenamme had been excreted during the night 
There is a marked drop in the foimaldehyde concentration in the 
foienoon, but it rises lapidly as the excietion of methenamme is 
increased following the medication 



THE RELATION OF WITHDRAWAL OF CEREBROSPINAL 
FLUID TO THE BODY TEMPERATURE CONSIDERA- 
TION OF A THERMOREGULATORY CENTER 

A STUDY or TWO HUNDRED AND riFTY CASES ^ 

ALFRED GORDON, AID 

PHILADELPHIA 

Duiiiig the couise of loutme examinations of the spinal fluid in 
neui opsychiatnc patients, the following peculiaiity was obseived, at 
fiist accidentally Shortly after lumbai punctuies, a few patients com- 
plained of geneial discomfoit This circumstance led the muses in 
attendance to take the tempeiatures of these patients They found 
a slight elevation Interested by this incidental observation, I decided 
to pursue this investigation fuither and thus commenced to gather 
observations on a laige scale The observations on 250 cases presented 
heie suggest certain ideas concerning the pathogenesis of fever and 
the possible localization of a thermoregulatory center The observations 
111 adults differ somewhat fiom those m children The adult group 
consisted of twenty-five patients with hemiplegia, five with increased 
inti acranial piessure, seventeen with idiopathic epilepsy, ten with 
meningitis, forty with psychoneuroses, twelve with manic-depressive 
psychosis, ten with transverse myelitis, two with multiple sclerosis, 
fifteen with paresis, twenty with tabes, forty with severe headache of 
syphilitic oiigin and four with dementia piaecox The fifty children 
included ten with meningitis, fifteen mentally defective, twenty with 
epilepsy and five with Little’s disease 

The temperature of each patient was taken immediately befoie, and 
five minutes, half an hour, one hour and three hours after the puncture 
of the spinal canal or of the lateral ventricles in the brain In the 
adult senes, the use commenced m the majority of cases five minutes, 
and m some cases only thirty minutes, later It continued to ascend 
until the thud houi , then it giadually descended to reach the degree at 
which it stood before the punctures (chart 1) The higliest rise nas 
2 F and the lowest 0 5 The greater the amount of spinal fluid with- 
diawn, the higher the temperature w^ent up and the sooner the rise 
commenced It was exceedingly interesting to observe that whene\er 
spinal fluid could not be obtained on one and e\en on several attempt*: — 
wdnch not infrequently happens and wdiich usually means no penetration 
of the needle into the dural sac — ^in every such case, no change in the 

Submitted for publication Dec 26 1928 
* Read before the College of Physicians on Xo\ 7, 1928 
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bodily tempeiature could be noticed In five cases with the diagnosis 
of serous meningitis (judged by the typical clinical symptoms and 
absence of specific micro-organisms) there was a slight fever before 
the lumbar puncture, but the withdrawal of spinal fluid was followed by 
a greater use (from 1 to 2 5 degrees) than m the afebrile cases (charts 
2 and 3) The following interesting obseivation deserves special men- 



Fjg 1 — The rise in bodily temperature following lumbar puncture 



Fig 2 — The rise in bodily temperature following lumbar puncture in serous 
meningitis 



Fig 3 — The rise in bodily temperature following lumbar puncture in febrile 
cases 

tion since it appaiently has a ceitain bearing on the pathogenesis of 
fever, which will be discussed later In cases of evident meningeal 
irritation and especially m cases of seropurulent spinal fluid in which 
a definite or specific micro-organism cannot be determined, I am m 
the habit of injecting physiologic solution of sodium cliloride following 
the withdrawal of spinal fluid In the majority of such cases, I have 
not observed a rise but an immediate fall of the temperature after the 
e\acuation of some of the spinal fluid, but a rapid subsequent ascension 
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of the temperature occurs after thrs solrrtron has replaced the sero- 
purulent flurd (chart 4) Moreover, thrs nse rs greater (2 degrees) 
than rn the cases rn whtch lumbar puncture rs employed alone 

In several cases of puncture of the lateral ventncles, either for 
ventrrculography or for the allevratron of eprleptrc convulsions,^ the 
removal even of a small quantity of cerebrospinal fluid, such as 5 or 
10 cc , was followed by a rise of temperature and this, curiously enough, 
much sooner than in the case in which hiinbai puncture was made, 



Fig 4 — The nse in bodily temperature following lumbar puncture and injec- 
tion of physiologic solution of sodium chloride in febrile cases 


1 



Fig 5 — The rise in bodily temperature following rentncular puncture 

namely, rn two or three minutes (chart 5) As in the cases in which 
lumbar puncture was done, the larger the quantit} of fluid withdrawn, 
the higher w'as the elevation of temperature When the remoxal of 
the fluid was follow^ed by an injection of an for xentriculography or 
of phj’-siologic solution of sodium chloride, as in some meningeal con- 
ditions, the rise of the temperature x\as more marked than in the cases 
xvithout the secondarj'^ introduction of an or fluid into the xentiicles 
(chart 6) It must be mentioned also that the duration of the elexated 

1 Gordon, Alfred Hj drocepbalus xxub Cessation of Persistent Consulsions 
after Puncture of the Lateral Ventricles JAMA 88 1234 ( \pnl 16) 1927 
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temperature is greater in the cases of ventricular than in the cases of 
lumbar puncture, being as long as three or foui oi even five hours 
The children presented, in general, the same picture as the adults 
with the exception, however, that under identical circumstances and in 
identical pathologic conditions they invariably showed a rise of tempera- 
ture decidedly highert than did the adults When the latter showed a rise 
of 0 5 degree, the children showed a rise of 1 degiee, when the adults 
presented a rise of 1 degree, the children presented a rise of 1 5 degrees 
In each of the two groups there were some differences in the 
intensity and rapidity of the reaction to the withdrawal of cerebrospinal 
fluid Foi example, in the epileptic and meningeal patients there was 



Fig 6 — The rise in bodily temperature following ventricular puncture and 
injection of air 



Fig 7 — The rise in bodily temperature following ventricular or lumbar punc- 
ture m syphilitic headache 

a quicker and greater response to punctures than m the patients who 
were hemiplegic Among those with psychoses, the rise of temperature 
was more marked in the maniacal phases than in the depressive phases, 
and in the patients with manic-depressive insanity, in general, the rise 
was greater than m the patients with psychoneui oses The duration 
of the higher temperature presented analogous differences Patients 
with syphilitic headache presented an earlier, more prolonged and more 
marked reaction to punctures than those with tabes or those with 
paresis (chart 7) As to the latter two groups, the paretic patients 
were more conspicuous in their reaction than the tabetic ones A more 
detailed account of some of these differences is presented in the charts 
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COMMENT 

In summing up these facts, special attention is invited to the follow- 
ing considerations, which m my opinion possess a special meaning 
What is the reason that a diy punctuie is not followed by an elevation 
of tempeiature^ What is the reason that m cases of meningitis the pre- 
existing febrile state becomes accentuated after a lumbai puncture 7 
What IS the leason that in cases of seropurulent cerebrospinal fluid tbe 
lemoval of some of it is followed by hypotheimia, but as soon as a 
physiologic solution of sodium chloride is injected into the dural sac, 
the temperature rises 7 Although these phenomena cannot all be 
explained to full satisfaction, one fact nevertheless stands out and that 
IS, a change in the stability or in the equilibrium of tbe cerebiospinal 
fluid, brought about by either ventricular oi lumbar puncture and result- 
ing in diminution of the quantity of the cerebrospinal fluid, produces 
a change in the bodily temperature If this is so, the next question 
IS “By what mechanism 7” Schoenfeld - showed that the removal 
even of a small quantity of spinal fluid is followed by an increase in 
its cells and albumin contents On this basis, one may aigue that the 
mechanical iiritation of the meninges pioduced by the puncture of the 
dural sac results in chemical and physical changes of the fluid and 
consequently in hyperthermia On the other hand, one should also 
take into account the meningeal irritation per se pioduced at the time 
of the puncture and consider it, also, as one of the causative elements 
m the use of temperature Indeed, the observations of Thur/o and 
Nagy ® indicate this possibility 

So fai my discussion of the cause of the fevei leads to considera- 
tion of two factors, namely, mechanical stimulation and meningeal 
in itation 

Auerbach ^ calls attention to the fact that an abundant loss of cerebro- 
spinal fluid duiing an operation on the brain and spinal cord is fre- 
quently associated with a rise of bodily temperature This obseivation 
as well as those of Jakobi and Roemer,® of Trendelenburg'' and of 
Janossy and Horvath,’’ suggests a new possibility, namely, that pituitary 
secretions, which have been found in ceiebrospinal fluid, cause the 
inciease of bodily temperatuie during physical disturbances of this 
fluid Whether this assumption is correct or not, it is impossible at 
piesent to asceitain 

2 Schoenfeld Deutsche Ztschr f Xer\enh , 1919, p 64 

3 Thurzo and Nag\ Deutsche Ztschr f Ner\enh, 1923, p 374 

4 Auerbach Ztschr f d ges Neurol u Ps}chiat 24 229, 1922 

5 Jakobi and Roemer Arch f cvper Path u Pharmakol 1912, p 149 

6 Trendelenburg Khn Wchnschr 3 777, 1924 

7 Janossj and Hor\ath Zentralbl f d ges Neurol u Ps\chiat, 1926, 

p 820 
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The outstanding feature m all observations recorded is that when 
the physical relationship of the cei ebrospmal fluid is disturbed in one 
way 01 another, the bodil}'^ temperature is equally disturbed At this 
juncture, I may mention also the following occurrence In one case 
of progressive musculai atrophy of syphilitic origin and in one case 
of Itydrocephalus, the physicians m charge drained the spinal canal to 
the maximum In each case, the body tempeiature lapidly became low 
(97 F and 96 F , respectively) 

In the presence of such facts, as well as of those mentioned previ- 
ously, one IS firml}’’ led to the conception that not only is there a rela- 
tionship of the cerebrospinal fluid to changes in the temperature but 
this fluid IS actually m some relationship to a thermoregulatory center 
That the central nervous system, generally speaking, has a direct 
influence on the bodily temperatuie is well recognized Experimental 
physiology has demonstrated the existence of a “thermic center ” From 
among the vast number of observations in this held, suffice it to recall 
the experiments of Citron and Leschke,® who showed conclusively on 
dogs that the midbrain contains a thermic center They infected the 
animals, the temperatures naturally rose, and then they sectioned the 
midbram No fever was thereaftei in evidence Isenschmid, Krehl 
and Schnitzler ® concluded from their own observations that the mid- 
brain and, precisel), the tuber cmereum, play an important role in 
thermoregulation The adjacent area, especially the floor, of the third 
ventricle is the most probable center of the regulation of bodily temper- 
ature A further step was made in the more accurate localization of 
such a center, when Jacobi and Roemer ® announced that not only a 
direct irritation of the walls of the ventricle, but also a transmission 
of a contiguous disturbing influence to them is apt to influence the 
bodily temperature If one considers that there is a close relationship 
between the cerebrospinal fluid at any level within the brain, on the 
surface of the brain or in the spinal canal with the third ventricle 
(namely, by means of an anatomic communication of the lateral ven- 
tiicles with the third through the foramen of Monro, of the fourth 
with the third through the aqueduct of Sylvius, of the fourth ventricle 
with the cisterna magna through the foramina of Magendie and 
Luschka and Anally, of the cisterna with the spinal canal without an 
intermediary passage-way) , if one also considers the fact that the 
cisterna magna is the area into which the fluid flows from every direc- 
tion of the brain and which is therefore in a certain relationship to 
smaller collections of fluid at the base of the brain and also to that m 
the subarachnoid spaces on the surface of the brain, if, finally, one 

8 Citron and Leschke Verhandl d Kong f inn Med 30 65, 1913 

9 Isenschmidt , Krehl, and Schnitzler Arch f exper Path u Pharmakol , 
1912, p 109, 1914, p 202 
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lecognizes the dose connection of fluid contents iDetween the ventnculai 
systems, the surface of the brain and the spinal canal, one can readily 
conceive that a physical disturbance of the fluid in the cerebrospinal 
system at one of its levels is bound to produce a more or less intense 
mechanical effect on the same fluid at other levels If one also recalls 
the afore mentioned experiments of Citron and Leschke on the mid- 
biain, as well as of others on the area sui rounding the third ventricle, 
one can leadily understand the hypertheimia piovoked by the liimbai 
01 the ventiicular puncture 

The walls of the ventricles aie the only places in the cential ncivous 
system where the cei ebi ospinal fluid is in intimate contact with the 
parenchyma of nervous tissue, they are therefoie physiologic centers 
It stands to leason that any physical disarrangement taking place m the 
cerebrospinal fluid will cause a coi responding irritation of the ven- 
tricular walls and therefore of the thermic centei Removal of some 
fluid may produce a change m the shape or in the general configuration 
of the ventricle oi a collapse of its walls, or else it may be the point 
of departure foi reformation of the fluid within the emptied ventricle, 
which, as IS well known, is a rapidly developing phenomenon when the 
ventricles are in a pathologic state 

Aueibach,* as stated, among many otheis, observed a rise of tempci- 
atuie during opeiative proceduies on the cranium or on the spinal cord, 
which, of course, are usually accompanied by a considerable loss of 
cerebi ospinal fluid, the hypei thermia subsided when the fluid had again 
leached its noimal level 

It was mentioned that in two cases an erroneous maximal removal 
of the spinal fluid was followed by a lowering of the bodily temperature 
A low temperatuie has been observed in intracerebral hypertension, in 
hydrocephalus and in traumatic injuries of the cervical cord In all 
such cases, an undue pressure is undoubtedly transmitted to the fourth 
ventricle and to the cervical cord This piessure, physiologically speak- 
ing, means inteiiuption of the central and peripheral pathways the func- 
tion of which IS to regulate the bodily heat That such path\\a}S CM''! 
has been demonstrated repeatedly Suffice it to mention the investiga- 
tion of Fieund and Grafe among man} others 

Whether oi not one considers the rise or the fall of the bodih 
temperatuie m the course of manipulations of the cerebrospinal fluid 
irrespective of diffeient circumstances under which individual varia- 
tions are obsened, the fact remains that a mechanical withdrawal oi 
a ceitam amount of fluid has an influence on the bodily temperature 
In other w'ords at that time the thermoregulator} centers are disturbed 
Since the cerebrospinal fluid takes its origin in the choroid plexuses 


10 Freund ind Grafc A.rcli f exper Path u Pliarmakol 1912, p 135 
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or m the ependyma oi m both, it is the interior of the ventricles or 
more precisely the ventricular walls that are of special importance in 
the regulation of the bodily temperature Dilatation, narrowing or 
some other alteration m the configuration of the ventricles, which can 
all be brought on by physical manipulations of the cerebrospinal fluid, 
such as punctures of the ventricles or of the spinal canal, pioduces a 
mechanical irritation of the blood vessels and nerve-endings in ven- 
tricular walls and consequently a change m the bodily tempeiature All 
expel imental investigations indicate the third ventricle as playing the 
most important role in thermic regulation There are several problems 
m this direction which require greater elaboration, such as the reforma- 
tion of the fluid, the change in the chemical contents in the cerebro- 
spinal fluid during physical manipulations of it, the question of a 
localized meningitis during punctures and finally the individual varia- 
tions in the rise or the fall of temperature Further research is 
indicated for the solution of these problems The object of the present 
work, however, has been merely to call attention to the fact that in 
alterations of bodily temperature of so-called cerebral origin, dis- 
turbances in the physical relationship of the cerebrospinal fluid plays 
an important, if not paramount, role While the subject under dis- 
cussion pertains to the domain of pathologic physiology, nevertheless 
the practical side of it, namely, the diagnostic and prognostic value, 
cannot be ignored 

SUMMARY 

Two hundred and fifty patients presenting a great variety of nervous 
and mental disorders were submitted to lumbar and ventricular punc- 
tures There were a group of adults and a group of children The 
bodily temperatuie of each patient was taken before and several times 
within three houis after the puncture Elevation of temperature com- 
menced a few minutes after every such manipulation In some cases, 
physiologic solution of sodium chloride was injected in lieu of the 
withdrawn cerebrospinal fluid When the punctures were dry (no 
fluid obtained), the temperature remained unaltered These observa- 
tions, including those concerning the variation in the degree of the 
elevated temperature, indicate that a change in the stability or in the 
equilibrium of the cerebrospinal fluid brought about by either ventricular 
or lumbar puncture produces a change in the bodily temperature 

CONCLUSIONS 

The present study as well as the casual observations made by some 
Other investigators, especially by those who, for one reason or another, 
had to manipulate the cerebral ventricles oi the spinal canal, leads to 
the following conclusions 
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1 There is a relationship between the ceiebiospinal Oiiid and the 
changes in the bodily temperature 

2 The fluid is actually in some lelationship to a thermoiegulatory 
centei 

3 Ventricular or spinal withdrawal of fluid produces an alteiation 
in the configmation of the ventiicles and consequently an iriitation of 
the neive-endings in the ventiicular walls 

4 The third ventiicle plays the most conspicuous pait m theimic 
regulation 



THROMBO-ANGIONECROTIC CHANGES OF THE KID- 
NEYS IN CHRONIC NEPHRITIS* 

BERNARD STERNBERG, MD 

BROOKLYN 

Classification of the anatomic changes in what appears clinically 
to be chronic nephritis is made difficult by the vaiiety and pecu- 
liarity of the anatomic lesions found in the kidneys From a purely 
morphologic point of view, the renal changes can be divided into two 
main groups ( 1 ) inflammatory changes involving primarily the 
glomeruli or the tubulai parenchyma or both, and (2) changes involv- 
ing primarily the vasculai appaiatus, with other changes occurring 
apparently secondaiily While the former condition, the nephritis sensu 
strictu, IS easy to understand, the greatest difficulties are met with in the 
interpretation of the vascular renal disease 

According to the latest anatomic work in this line, vascular changes 
of the kidneys are to be classified, accoiding to the size of the arteries 
involved, into arteriosclerotic and arteriolosclerotic changes In the first, 
large disci ete foci of atrophy are found with no impairment of renal 
function In the arteriolosclerotic type, the individual foci of atrophy 
and concomitant sclerosis are smaller but moie numerous, and are 
therefore often coalescent Their steady advance leads finally to the 
impairment of renal function 

In a certain group of cases, however, the anatomic observations, a': 
well as the clinical picture, deviate substantially from those of ordinary 
arteriolosclerotic nephrosclerosis These cases have been spoken of as 
"malignant nephrosclerosis" (Fahr^), "combination form" (Volhard, 
Fahr) and "nephrocirrhosis arteriolosclerotica progressa" (Aschoft," 
Loehlem 

Several cases studied during the last few years in the laboratory of 
the United Israel Zion Hospital seem to shed some light on this 

Submitted for publication, Nov 24, 1928 

* From the Department of Laboratories, United Israel Zion Hospital 

1 Fahr, Thomas, in Henke, F, and Lubarsch, O Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1925, vol 6, no 1, 
p 405 

2 Aschoff Ueber den Begriff der “Nephrosen und Sklerosen,” Deutsclie 
med Wchnschr 43 43, 1917 

3 Loehlem, M Ueber die entzundlichen Veranderungen der Glomeruli dcr 
menschlichen Niere und ihre Bedeutung fur die Nephritis, Leipzig, S Hirzel, 
1906, Zur Nephrocirrhosis Arteriolosclerotic, Med Klin 12 136, 1916 
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peculiar condition Chnicall}, as well as moiphologicalh , the\ aic so 
similai that it is sufficient to lepoit only one in detail 

REPORT or C \SE 

Histoiy — A B, a girl, aged 18, was admitted to tlie liospital on March 1, 
1928, complaining of headache, vomiting and weakness She had had rheumatism, 
and tonsillectomj" was performed at the age of 7 She had suffered from nocturia 
and polyuria These symptoms, which had been present for some months, Iiecame 
aggravated just prior to her admission to the hospital, and her Msion became 
blurred 

Examination — On physical examination, she appeared thin and apathetic The 
teeth were m bad condition and the throat was injected Both letinas w'erc 
edematous, and both disks w'ere markedlj' choked There was a blowing murmur 
at the apex of the heart The apex was just outside the nipple line The aortic 
second sound w'as gi eater than the pulmonic second sound Theie were no other 
positive observations 

Her temperature on admission w'as 995 F , it rose to 101 5 on Maich 3, rising 
gradually, and reached 105 before death The pulse rate w'as 130 and the respira- 
tion late was from 25 to 30 Blood pressure, sj'stohc, w'as 220, diastolic, 130 
The urine showed albumin, 3 plus The blood count showed hemoglobin, 65 
pel cent, red blood cells, 3,150,000, white blood cells, 14,800, wnth polymorphonu- 
clear leukocytes 91 per cent and lymphocytes 9 per cent The blood chcmistrs 
was urea nitrogen, from 88 to 110 mg , dextrose, from 100 to 140 mg , and 
creatinine, from 8 to 88 mg The blood culture w'as negative 

The symptoms became pi ogressiveH worse She became unconscious, and 
died on March 7, 1928 

» 

Ncciopsy — At neciopsy, a few' drops of fluid w'ere found in the pericardial 
sac The pericardium w'as dull, and the cpicardium on top of the amides, par- 
ticularly on the light side, was corered with fine grayish-red fibrinous memiiranes, 
w'hich could readily be scraped oft The heart w'as the sire of a huge man’s fist 
Its cnlaigement w'as eccentric, as the right side of the heart was a mere appendix 
to the left side The musculature was pale reddish brown with areas of grarish 
lellow These were most conspicuous underneath the epicardmm, where they 
formed an irregular zone of foci of rarious sizes and shapes The \ahes were 
thin and smooth The aorta was of normal caliber Its intima was smooth The 
wall of the coronary arteries was slightly' thickened and seemed to be somewhat 
more rigid 

The kidnees were rather small Their capsules stripped off with difiiculte, 
ow'ing to disci ete adhesions, w'hich w'ere particularly present about the poles The 
greater part of the surface of the kidneys was smooth, except around the poles, 
w'here it was irregular owing to depressions and nodular projections On section 
the color of the kldne^s was reddish gray 

In the cortex, seicral dark red foci were found, some of which were wedge- 
shaped with their bases turned toward the capsule The parencliMua of the cortex, 
particularh between the medullary prramids, was mottled with yellow 

Both renal pehes were distended, and ^arlous cahees, particularly those cor- 
responding to the poles, were dilated In these areas, the kidnev substance was 
thin and did not rcaeal its normal structure 

The arteries leading to these impaired areas showed a rigid wall and patent 
lumen, while the rest of the renal arteries were thin and collapsed rcadih 
The other organs did not show an\ unusual features on gross examination 
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Diagnosis — The diagnosis was subacute hemorrhagic glomerulonephritis 
scattered arteriosclerotic atrophy of the kidneys , hypertrophy of the left side of 
the heart, passive congestion of the liver, lipoidosis of the suprarenal cortex, 
acute pericarditis , edema of the lungs 

Mici oscopic Obseivations — On low power examination, the kidney presented 
several areas of necrosis Most of these areas were pyramidal, with their bases 
on the capsule of the kidney, and their apexes reaching into the medulla In some 
of these areas, little of the original structure was left In others, it was merely 
the tubular epithelium and particularly the nuclei which showed disintegration 
The lumma of the tubules were filled with a homogeneous mass A similar 
exudate could also be seen within the capsules of the glomeruli The stroma of 
these areas showed infiltration by leukocytes 



Fig 1 — Thrombo-angionecrosis with aneurysmal dilatation of the afferent 
vessel The picture shows a crescent-shaped compressed glomerulus on top of the 
vessel Zeiss objective A, eyepiece K20 


In addition to these triangular areas, other areas of necrosis were scattered 
through the deeper portions of the cortex and the medulla, which showed similar 
changes These were narrow strips, perpendicular to the surface of the kidney 
The other changes found in the kidney pertained to the glomeruli, tubules and 
blood vessels 

The glomeruli, outside of the necrotic areas, were comparatively well main- 
tained There were numerous glomeruli with patent, blood-filled loops without 
any changes in their capsules Other glomeruli, however, revealed homogenization 
of part of their tufts, the loops of which were apparently not permeable The 
homogeneous material stained much more intenselv with eosin than the rest of the 









Fig 2 — Necrosis of an interlobular renal artery with thrombosis (longitudinal 
section) Incomplete infarction of surrounding parenchyma Leitz apochromatc 
16 mm , eyepiece 4 



Fig 3 — Necrosis of the afferent -vessel \\ith beginning dilatation partial 
necrosis of the glomerulus Poh morphonuclears are present in the necrotic areas 
Zeiss objectne A, ejepiece K20 
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tissue In other glomeruli there was definite evidence of nuclear injury, in addi- 
tion to the hyahnization The absence of endothelial cells and the presence of 
nuclear debris gave the impression of necrosis In such areas a few leukocytes 
were usually present 

The tubular epithelium, outside of the necrotic areas, showed a great number 
of low cuboidal forms Most of the tubules were wide Some contained a homo- 
geneous colloid material, which filled the whole lumen like a cast Others con- 
tained droplets of globular material, which was also homogeneous and tended to 
coalesce Casts were also found in the tubules of the medulla They were of 
the same colloid type Red cells were occasionally intermingled wtih the colloid 
material 

V 

The changes of the arteries were particularly impressive Both large and 
small arteries showed proliferation of the intima The newly formed cells were 



Fig 4 — Obliterative endarteritis of an interlobular renal artery The absence 
of hyahnization and the presence of polymorphonuclears are to be noted Zeiss 
objective A, eyepiece K20 

large and contained a great amount of hpoid substance Hence, they appeared 
vacuolated The lumen of the arteries was considerably narrowed and frequently 
completely obliterated 

The elastic fibrils were hyperplastic There was no doubling of the internal 
elastic membrane On the other hand, the old elastic membrane was occasional!} 
interrupted, and the defect replaced by cellular proliferation The arterioles 
showed definite changes A number of these small vessels were transformed into 
homogeneous hyaline masses, which appeared on cross-section like intensely eosin- 
ophilic rings with a narrow lumen In others, the hyaline masses, replacing parts 
of the wall, alternated with granular debris, in which fragments of nuclei, par- 
ticularly of polymorphonuclear leukocytes, were conspicuous Polymorphonuclears 
were found both in the lumen of these vessels and around their external surface 
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Fig S — Subepicardial artery showing circumscribed focus of proliferation of 
Ultima and necrobiotic changes of the mcdid Leit/ apochromate 8 mm , c\e- 
piece 4 



Fig 6 — M\ocardial artcr\ showing extensne nccrosm of the wall and partial 
obstruction of the lumen Leitr apochromate 8 mm c\ (.pn.ee 4 
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Some of these arterioles could be followed to the glomeruli, the lesion continuing 
to the vasa afferentia, and then to the glomerulus proper, producing m the tufts 
the changes heretofore described Some of the arterioles were thrombosed The 
structure of the thrombus was granular or hyaline Leukocytes could be seen 
within the thrombus The wall of these arterioles was markedly necrotic 

The lesions of the arteries and arterioles were not restricted to the kidney 
Other organs showed arterial lesions similar to those described, although somewhat 
less marked, namely, the spleen, the pancreas and particularly the myocardium 
Some of the smaller arteries of the heart showed nothing more than hyper- 
plasia of the cells of the intima with eccentric narrowing of the lumen Lipoidal 
deposits accounted for the vacuolization of these cells The elastic membrane 
split about these areas, producing substantial defects In other vessels, the pro- 
liferation was less marked, but there was evident necrosis of parts of the vessel 



Fig 7 — Pancreatic artery showing thrombosis with beginning organization, 
necrosis of the musculature and leukocjtic infiltration Leitz apochromate 8 mm , 
e}'^epiece 4 

wall , that IS, homogenization, fragmentation of the fibrils and exudate, collected 
into granular lumps, disappearance of the nuclei by karyorrhexis or lysis and the 
appearance of poL'morphonuclears Some of the latter broke down, producing 
nuclear debris Around some of these vessels, infiltration of the perivascular 
connective tissue bj poh'morphonuclears could be observ^ed Such infiltrations 
were particularh extensive m the intralobular stroma of the pancreas, adjacent 
to the pancreatic arteries, rvith lesions similar to those described 

COMMENT 

The most significant features m this case were the changes in the 
blood vessels These changes could be divided into two groups The 
first group, representing apparently the older lesion, appeared to be 



STERNBERG— ANATOMIC CHANGES IN NEPHRITIS 279 

simply pioductive These consisted of proliferation of the intima. 
with nan owing and occasionally occlusion of the lumen The outer 
coats of the vessels were also involved There was considerable pro- 
duction of collagenous fibrils in the adventitia, and a loss of muscula- 
tuie 111 the media with substitution of connective tissue The clastic 
elements were also involved There was a splitting up of the internal 
elastic fibiils Deposits of lipoids in the cells of the proliferated intima 
weie abundant Neciosis or calcification was not a feature of the 
piocess, noi was hyalinization of the thickened intima Thus, the 
changes resembled more those of chronic inflammation than those of 
arteiiosclerosis 

The changes in the other group were much moi e recent The\ were 
essentially alterative, including, as they did, necrosis and h}ahnization 
Acute exudative inflammatoiy changes, such as the migiation of leuko- 
cytes and the appearance of an albuminous exudate, weie concomitant 
Thiombosis of some of the capillaiies and aiteiioles completed the 
picture 

These changes were especially chaiacteiistic and weie essentially 
dififerent fiom the secondaiy changes of the glomeruli in oidmaiy 
aiterioloscleiosis The difference' was sufficient to justify the assertion 
that the pathogenesis of these lesions was also different This con- 
tention was substantiated by the changes in the arteiies outside of the 
kidneys which were of the same charactei as those obseived in the renal 
aiterioles and capillaries The changes of the glomeruli, moreover, 
weie practically identical with what has been desciibed repeatedly in 
cases of seveie toxic and septic conditions and interpieted as a toxic or 
bacteiial focal glomei ulonephritis The focal distribution of such 
lesions IS their chief charactei istic in contrast vMth the ordinary 
glomerulonephiitis, in which all the glomeruli and every loop of 
each golmerulus is involved The inflammatory charactei and the 
toxic or bacterial pathogenesis of these lesions are well established 

It theiefoie seems that the lesions in this case aie entitled to the 
same inteipretation The piesence of the chronic endaitentic changes 
with subsequent lesions of the kidney do not contradict the statement 

The mam question is whether the moie acute focal lesions occurred 
simpl} incidentallv with the chronic vascular condition or whether they 
weie dependent on the latter It is conceivable that a preceding disease 
of the aiteiioles was lesponsible foi the focus of minor resistance 
vvdiich facilitated the onset of the acute lesion On the other hand the 
inflammatoiy charactei of the chronic aiteriolar changes suggests the 
possibiht} that both the chronic lesion and the acute lesion were due to 
the same oi similai causes the acute changes representing an exacer- 
bation of the chronic process 
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In fact, cases of the type repoited here usually occui m much 
}oungei pel sons than do cases of oidmaiy aiteiiolosclerosis The age 
of the patient was 18, and the mateiial on which this study is based 
includes a case in a patient aged 21, and two cases in patients less than 
30 Accoiding to Fahi’s statistics, peisons subject to ordmaiy 
aiteiioloscleiosis aie above 50 yeais of age, and the majoiity are above 
60 The patients to whom he refeis as having malignant sclerosis die 
at an age helow 60 and almost one third of them die before 40 The 
piedisposition of youngei peisons towaid this condition is a strong 
aigument against the conception that it is only a complication of 
oidinaiy aiteiioscleiosis One is justified m disconnecting such cases 
of so-called malignant scleiosis fiom the oidinary aiterioloscleiosis 
As a suitable name foi this condition, I suggest the teim renal thrombo- 
angioneciosis oi, m cases of advanced conti action of the kidneys, 
angioneci otic nephi osclei osis 

summary 

1 One of a gioup of cases has been desciibed m which the charac- 
teiistic featuie is endaiteiitis with neciosis of the vessel wall, and 
subsequent changes m the lenal paienchyma 

2 The vasculai changes aie not lestiicted to the kidney, but are 
also found in vessels of the othei oigans of the body 

3 Clinically, these cases aie chaiacteiized by a compai atively rapid 
development of lenal insufficiency Changes of the eyegiounds aie 
conspicuous 

4 The condition is found in young or middle aged persons in con- 
ti adistmction to cases desciibed as aiteiioloscleiotic nephrosclerosis 

5 The following nomenclatuie is suggested renal thrombo-angio- 
neciosis foi the moie acute foim and angioneci otic nephi osclei osis for 
cases of longei duiation 



TOXIC CIRRHOSIS OF LIVER DUE TO 
CINCHOPHEN - 

HERBERT S REICHLE, MD 

CLEVELAND 

Cinchophen is widely regarded as a drug of low toxicity 
Sollmann ^ gave no warning against long continued massive 
doses, and the geneial piactice is to maintain saturation over long 
periods Graham - and others in England and Germany recommended 
that the drug be given for a period of about four days and discontinued 
for a similar interval It is maintained that this procedure produces 
maximum beneficial effects without danger My purpose in this paper 
IS to report two fatal cases of cirrhosis of the liver apparentl} due to 
prolonged and massive administiation of cinchophen 

In 1922, Schroeder ’ first drew attention to the toxic effects of 
cinchophen and published a review of seventeen cases Since then 
twent} -eight cases have been found in the literature In this countr}', 
Rabmowitz ^ and Sutton ^ have drawn attention to the toxicity of this 
drug The principal symptoms are headache, gastro-intestinal dis- 
turbance and icterus 

There is little doubt but that natural idiosyncrasy ma} be of impor- 
tance Evans’ ^ patient took only 15 grains (0 97 Gm ) of the drug In 
other cases the amounts langed from 80 to 4,000 giains (5 2 to 260 Gm ) 
over variable periods The s} mptoms, as a rule, appear late in the course 
of treatment It is also thought that idios 3 mcrasy may be artificial!) 
induced Worster-Drought’s ' patient, after having taken 370 grains 

^ Submitted for publication, Feb 15, 1929 

' Erom the Department of Pathology, Cleveland City Hospital and School 
of Medicine, Western Reserve University 
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Atophan, jM Clin N Amer 11 1025, 1928 
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(25 05 Gm ) in twelve days, developed urticaria, which disappeared 
when the medication was stopped One dose of 7^ grains administered 
three weeks subsequently brought on urticaria, gastro-intestinal 
disturbance and jaundice, which lasted ten days 

A dangerous aspect of cmchophen poisoning is the late and relatively 
abrupt onset of the symptoms In the fatal case reported by Willcox,® 
the first signs of poisoning appeared at the completion of the treatment 
In one of Loewenthal’s ® fatal cases jaundice developed two weeks after 
the medication had been stopped Immediate reactions have been 
observed only on the intravenous use of the cmchophen derivative, 
diiodoatophan, containing about 50 7 per cent of iodine 

The most frequent symptom is jaundice It developed in every 
case except those of Phillips and Herrick,^’^ which were very mdd 
and showed only a rash Vomiting, anorexia, heart burn and diarrhea, 
though not seen in every case, when present usually appear before the 
jaundice The cmchophen rashes are either of the scarlatiniform type 
or are urticarial , there may also be petechial manifestations of the 
skin In the later stages of the toxicosis the typical signs and symptoms 
of advanced destruction of the liver occui, namely, purpura, restlessness 
or coma, high icteric index, urobilin and tyrosin in the urine The 
stools may be acholic If the patient survives, cirrhotic changes occur 
which may lead to a diminution of liver volume and to an interference 
with the portal circulation Damage to the kidney has been demonstrated 
clinically and is proved by the results of several autopsies The clinical 
picture, therefore, is mainly’’ one of serious damage of the liver, and it is 
probable that this accounts for all the symptoms, including the late 
skin rashes 

The seven autopsies that I have found recorded and those on my 
cases substantiate this hypothesis In every case there was evidence of 
an “hepatitis” or of a degeneration of the parenchyma of the liver 
Singer’s case showed only abundant round cell infiltration The 
others all revealed more or less extreme fatty metamoi phosis with or 
without periportal fibrosis In same cases there was proliferation of 
the bile ducts The livers were all small, with the exception of that m 
my" first case, and ranged in weight from 500 to 1,150 Gm A nephrosis, 

8 Willcox, W H Atophan Derivatives in Rheumatism, Bnt M J 2 273 
(Aug 7) 1926 

9 Loewenthal, L J A , Macay, W A, and Lowe, E C Two Cases of 
YelIo\^ Atrophj of the Liver Following the Administration of Atophan, Bnt 
M J 1 592 (April 7) 1928 

10 Phillips, J Skin Rashes Follorving the Administration of Atophan, 
J ^ A 61 1040 (Sept 27) 1913 

11 Herrick W W A Scarlatiniform Rash from Atophan, J A iM 
61 1376 (Oct 11) 1913 

12 Singer, S Discussion, Wien klin Wchnschr 40 238, 1927 
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with damage particularly to the convoluted tubules, was noted in four 
cases 

Loewenthal ° spoke of a subacute nephritis Rake mentioned 
hemorrhages in the supiarenal glands There have been ten fatalities 
111 the forty-six cases, and nine have come to autopsy Two of the 
poisonings were due to the cmchophen derivative diiodoatophan Twelve 
deaths are reported in Loewenthal’s ® sun^ey, but I do not include them 
since he does not give the references 

REPORT or CASES 

Case 1 — A white woman, aged 20, m January, 1928, developed an acute 
arthritis which atfected almost all the joints She was in bed for three months, 
and in May a tonsillectomj’' was done One week following this operation, the 
patient became jaundiced and developed high fever and diarrhea The gastro- 
intestinal disturbances lasted six weeks In June, the patient recovered and A^as 
able to Avalk about A second attack of arthritis intervened which lasted up to 
the time of admission to the City Hospital On Aug 14, 1928, her physician 
found that she had an evening fever of 102 F She was also suffering from 
severe nosebleeds and from hemorrhages around the gums On August 19, she 
was admitted to a Cleveland hospital for various roentgen examinations and 
observations on the blood, which all proved negative On September 9, the patient 
became worse The temperature was 103 F There was vomiting, diarrhea, pain 
in the right side of the chest and apathy She was admitted to the City Hospital, 
Cleveland, on Sept 13, 1928 She was emaciated and listless The skin was 
dry and hot There was a maculopapular eruption on the face, moderate pallor 
and hemorrhage from the nose and gums The heart rate was 88, the blood 
pressure was 90 systolic and 52 diastolic, and the liver was palpable 3 or 4 cm 
below the costal margin The spleen was firm and easily felt There was no 
evidence of bone or joint disease at that time The urine contained a trace of 
albumin The Wassermann reaction was negative Examinations of the blood 
showed a severe anemia (2,080,000 red blood cells and 46 per cent hemoglobin, 
Sahh) and a rather high platelet count of 800,000 There were 12,240 leukocytes, 
of which 78 per cent were polymorphonudears The stool did not contain typhoid 
bacilli Blood cultures were negative on two occasions The Widal test was 
negative, and urine cultures gave no growth The joints became swollen again, 
pneumonia developed The temperature dropped to subnormal in the last two 
days, and the pulse rate rose to 120 The patient died on Sept 18, 1928 The 
patient’s first physician had given her cmchophen in January The exact amount 
could not be ascertained but it is probable that she had at least as much as was 
given to her by her second physician, namely, 80 tablets of cmchophen of 7^2 
grains (487 Gm ) each and, in addition, 40 tablets of oxyiodide, which is a 
combination of iodine and cmchophen In the City Hospital she had been given 
at least 60 grains (3 9 Gm ) of cmchophen 

At autopsy the body appeared poorly nourished There were ecchymoses and 
petechiae beneath the skin The skin was of a light lemon color The heart was 
normal There was confluent bronchopneumonia of the lower lobes of both lungs 
and the upper lobe of the right lung, which had progressed to abscess formation 

13 Rake, GW A Case of Subacute Yellow Atrophy Following the Taking 
of Atophan, Guy’s Hosp Rep 77 229, 1927 
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The hver weighed 1,950 Gm and extended 4 cm below the inferior costal margin 
The capsular surface was uneven and showed projecting, irregular, firm, mustard 
yellow areas With the knife a fattj" fluid nas expressed from the hver tissue 
The bile ducts were patent The spleen weighed 325 Gm and was the seat of 
acute hyperplasia The kidneys weighed 325 Gm , m one there were several 
cortical abscesses The cortices of both kidneys were distinctly yellow Micro- 
scopic sections showed the following conditions The cytoplasm of practically 
all of the liver cells was occupied by maiij vacuoles of varying sizes which 
Sudan III fat stain show^ed to be fat What w^as left of the cj toplasm w'as granu- 
lar The sinusoids were dilated There was an enormous amount of connectne 
tissue m the portal spaces which contained a large number of small round cells 
and some hemorrhage Islands of liver tissue were cut off or entirely replaced 
by connective tissue There w'as a definite proliferation of the bile ducts Sudan 



Fig 1 (case 1) — Photomicrograph (100 diameters) show'ing fattv degenera- 
tion of liver cells and increase of connectne tissue 


III fat stain show'ed an extensive accumulation of fat m the basal portions of 
the cells of the convoluted tubules of the kidney Fat was also present but more 
diffusely in the epithelium of the collecting tubules The epithelium of the tubules 
showed severe retrogressive changes which in part had led to a complete loss 
of cv toplasm and nuclei klanv of the collecting tubules contained nothing but 
fibrillar substance and a homogeneous pink-staining material The subcapsular 
space of the glomeruli was occupied here and there bv a pink granular material 
One section showed a sharply defined necrosis of the parenchvma and interstitial 
tissue beneath the capsule About this area there was a zone of fibroblast pro- 
liferation The connective tissue was not increased elsewhere in the kidnev Tlic 
heart showed no abnormalities 

Since the autopsv was done within eight hours of death the observations on 
the kidnev were of importance The liver was examined for phosphorus b' 
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Dr H H Beard of the department of biochemistry of Western Reserve Uni- 
versity Mitscherlich’s test showed that no phosphorus was present The patho- 
logic diagnosis, therefore, was confluent bronchopneumonia of the lung with 
abscess formation, abscess of the kidney, fatty degeneration of the kidney, toxic 
cirrhosis of the liver and acute splenic hyperplasia 

Case 2 — A white woman, aged 46, had been treated in the City Hospital 
Dispensary for arthritis over a period of three years Cinchophen had relieved 
the pain, and the drug had therefore been repeatedly administered The dose had 
been 15 grams (0 97 Gm ) from three to four times a day , over briefer periods 
of time 7^2 grains had been given In 1926, the total amount taken was 3,150 
grams (204 75 Gm ) , in 1927, 2,100 grains (136 50 Gm ), and m 1928 up to the 
onset of the fatal illness, 1,800 grams (117 40 Gm ) The Wassermann reaction 
of the blood was negative 



Fig 2 (case 1) — Photomicrograph (200 diameters) showing fatty degenera- 
tion of liver cells, proliferation of bile ducts and young connective tissue 


On November 17, the patient returned to the Dispensary of the Cleveland City 
Hospital For three weeks she had noticed that pain and tenderness in the epi- 
gastrium (“stomach trouble”) followed the ingestion of the cinchophen The 
dosage during this time had been 7]^ grains four times daily The patient felt 
weak and complained of “nervousness” The skin was icteric and showed a rash, 
the eyelids were puffy, and she had gained 6 pounds (2 7 Kg ) in about six 
weeks The urine contained large quantities of bile pigment and a few casts. 
The temperature was normal 

The patient was admitted to the hospital on November 21 The epigastric pain 
had ceased, but the icterus was worse and nausea and vomiting had set in She 
was confused, apprehensive and at times semicomatose The admitting physician 
ascribed her mental condition to an injection (morphine^) which had been given 
by a private physician for the severe epigastric pain However, the disorientation 
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and stupor increased There were twitchings of the muscles of the arms and 
face, and on the sixth day generalized convulsions set in The breath had an 
acetone odor, the spleen was not palpable and on percussion the liver dulness was 
found high above the costal margin The Babmski and Oppenheim reflexes and 
ankle clonus were present bilaterally The temperature rose to 39 C (1022 F), 
and the patient died in coma with the signs and symptoms of pulmonarj edema 
on the sixth day of her hospital stay 

The total urinary output was never more than 300 cc, and the urine was 
strongly positive for bile and contained granular casts, white blood cells and 
albumin On the day of admission, the chemical examination of the blood gave 
the following results sugar, 108 mg per hundred cubic centimeters , carbon 
dioxide (saturation volume), 27 per cent, whole blood chlorides, 474 mg per 
hundred cubic centimeters, and urea nitrogen, 27 mg per hundred cubic centi- 



Fig 3 (case 2) — Photomicrograph (300 diameters) showung fatty degeneration 
and h 3 ahnization of Iner cells, proliferation of bile ducts and increase in con- 
nectne tissue 


meters The next day the icteric index was determined and found to be 80 On 
the third daj'-, the plasma chlorides were 563 mg per hundred cubic centimeters, 
and the carbon dioxide saturation volume was 37 per cent On November 23, the 
white blood cell count was 11,000, the hemoglobin (Sahh), 85 per cent 

Autopsy was done four hours after death The body was obese and vcrj 
icteric, and the skin show'ed a papular eruption over the chest and extremities 
Petechiae were found on the skin and in the mucous and serous membranes The 
Iner weighed onl\ 575 Gm Its surface was nodular, indnidual jellow’ nodules, 
which were about 1 mm in diameter, were separated by a red, firm tissue On 
cut section, irregularlj formed islands of soft jellow tissue were found m a 
mass of red and firmer tissue The gallbladder contained a normal amount 
thin bile and a few cholesterol stones The two kidnevs together weighed 400 
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Gm They were pale and the surface was smooth, on cut section, the tissue 
bulged and the normal architecture was indistinct The pyramids were streaked 
with yellow There was an increase m peripelvic fat The stomach contained 
a coffee-ground material, and the mucosa of the entire gastro-intestinal tract was 
hyperemic 

The histologic observations were as follows The myocardial fibers stained 
poorly A fat stain (sudan III) revealed an extensive fatty degeneration of the 
muscle fibers The epithelium of the tubules of the kidney was swollen and 
granular Sudan III stain showed the presence of an enormous amount of intra- 
cellular fat Here and there in the liver a few islands of liver tissue were found 
in a mass of young connective tissue which was infiltrated by many small round 
cells The bile ducts had proliferated to a remarkable degree The liver tissue 



Fig 4 (case 2) — Photograph of liver to show the size (scale in inches) and 
nodular surface 


that was left was in a state of cloudy swelling, vacuolization or hyalimzation 
Hardly one normal cell could be found There was extensive hemorrhage into 
the masses of necrotic cells The sudan III stain demonstrated free fat in all 
these cells The rest of the organs, spleen, pancreas, lung and uterus, showed 
chronic passive hyperemia 

The pathologic diagnosis, therefore, was toxic cirrhosis of the liver, fatty 
degeneration of the myocardium and kidney, and passive hyperemia of all organs 

It IS probable that there are many more cases of toxemia due to 
cmchophen than one is awaie of At a confeience m the City Hospital 
at which one of my cases was piesented, seveial physicians leported 
that they had seen jaundice during the period of medication with 
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cinchophen The first sign of gastro-intestinal disturbance should 
therefore be an indication for stopping the diug Jaundice must be 
regarded as a symptom of seiious damage to the liver The cases of 
A¥illcox ® and Loewenthal ® m which no legitimate precaution had been 
neglected raise the question as to whether-oi not the use of cinchophen 
IS of such great value that it wan ants the danger Willcox’s patient 
had had only 85 grams (5 52 Gm ) , Loewenthal’s patient had been 
treated according to the Graham method In both cases the symptoms 
set in after the medication had already ceased The experience of those 
who have used the cinchophen deiivative, diiodoatophan, proves that 
cinchophen given in one large dose may produce the same damage as 
when given m smaller doses over long periods of time The number 
of cases already reported is sufficient!}'- gi eat to eliminate the probability 
of mere coincidence 

CONCLUSION 

Forty-seven cases of cinchophen toxicosis have been published Ten 
deaths have lesulted In all cases there is evidence of serious damage 
of the liver Eveiy patient who receives cinchophen should be obser^ed 
for gastro-intestinal symptoms, i ashes or icterus and the occuiience of 
such s}UTiptoms should be the immediate indication foi stopping the use 
of the drug The therapeutic use of cinchophen may well be reevaluated 
111 leference to its harmful properties 

I am indebted to Dr Howard T Karsner for taking the photomicrographs 
which illustrate this article 

14 De Rezende recently published a case (Brasil-med 41 1005 [Sept 24] 
1927), and Motzfeldt described a case of icterus due to cinchophen, Norsk Mag 
f Laegeiidensk, March 21, 1929, p 283 ^ 
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INTRODUCTION 

The dose functional and anatomic lelationship between the heait and 
lungs IS well recognized Disturbance in the noimal functions of the 
lungs may have considerable importance m diseases of the heait and blood 
vessels Occasionally, lespiiatoiy changes are the first lecognizable signs 
of ciiculatoiy failure It is paitly foi this reason that, in the past, the 
lespiration has been studied caiefully with the aid of a numbei of 
technical devices The exclusions of vaiious parts of the thoracic wall 
have been registered Similaily, volumetiic measuiements of the venti- 
lation have received careful consideration Thiough the eailier investi- 
gations of Beigeon and Kastus,^ Rosenthal,^ Gad,^ Ewald^ and 
Gevers-Leuven,^ and through the moie lecent studies of Pech ® and 
Beyne,^ it has become an established fact that the velocity of the respired 
an IS also of consideiable importance in the mechanism of the lespira- 
tion Recently, Fleisch ® desciibed an apparatus which legisters the 
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velocity cune of the iiispiied and expned air The velocity cur^e is 
an expression of the difteiential quotient of the lespiiatoi} \oluine o\er 
time Fleisch’s pneumotachograph consists of ninety tubes each 20 cm 
long and 2 cm m diameter The lesistance oftered b} the tubes when 
the subject is bieathing thiough the mouth piece, and the fall m piessuie 
between the two ends of the tubes, are functions of the velocity of the 
respired an Although the resistance offeied the tubes of the apparatus 
IS not sufficient to cause an alteiation of noimal lespiratoiy movements, 
the dead space is rathei nndesiiable 

APPARATUS 

The pneumotachograph used m this studj' has been described bv one of us“ 
The instrument is based on the following principle If a fluid or gas flows through 
a tube, the diameter of which changes suddenly from narrow to wide, the stream 
does not fill the first portion of the wider tube instantly, the pressure may be 
considerably lower here than in the narrower portion of the tube If a small ring 
is fitted within a cyhndnc tube, during the passage of the air through the tube 
there is a difference in pressure between the two sides of the ring This differ- 
ence in pressure may be expressed in the following formula 

u- r F. 1 

2 g I Fi 3 

if h represents the difference m pressure, U the yelocity of flow of the air, g the 
grayity of the earth, Ei the diameter of the inserted resistance, Fa the diameter 
of the tube and J the coefficient which is determined empirically According to 
this formula, the difference in pressure is proportional to the yelocity of the 
flow of air and to the degree of resistance This principle receives, then, the 
following practical application in the apparatus 

In the rpiddle portion of a metal tube, 5 cm long, a ring is placed The relation 
between the width of the ring and the diameter of the tube is 1 7 The ring 
inserted offers a resistance to the stream of air entering into the metal tube, a 
difference in pressure is therefore created betw^een the two sides of the ring 
This difference in pressure is proportional to the velocity of the stream of air 
Therefore, if this difference in pressure is registered with a differential capsule, 
which IS then empirically calibrated to a number of currents of gas of known 
velociW, the curve obtained gives a direct measure of the velocity of the current 
of air For the registration of the differences in pressure, a sensitive modified 
Frank differential capsule is used A small mirror attached to the membrane 
reflects a small narrow' beam of light on a moving film The connection betw'cen 
the respiratory tube R (fig 1) and the differential capsule D (fig 1) is estab- 
lished w'lth tw'o short rubber tubes, Ai and /Js (fig 1) The distance from the 
opening of these tubes into the respiratory tube to the metal ring inserted into 
the tube is equal on both sides For quantitative calibration, the apparatus is 
inserted between a gas tank and a gasometer, and standard curves are obtained 
W'lth streams of gas of known velocity 

9 Hochrein, III Ueber Pneumotachographie, Arch f d ges Plnsiol 219 
753, 1928 
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The curves obtained with the apparatus represent the differential quotient 
between the time and volume of respiration If the curve is represented on 
cartesian coordinates, the abscissa of which represents the time, and the ordinate 
the velocity of the respired air, the volume of respiration can be obtained if the 
surface area that is enclosed by the curve and abscissa is measured with a 
plammeter Preliminary heating of the respired air, required when the Fleisch 
apparatus is applied, is not necessary The resistance of the apparatus is minimal, 
and the dead space is small, owing to the fact that the respiratory tube is short 
The apparatus can be used in experiments on animals, in that case a small 
respiratory tube is inserted into the trachea 

The appal atus thus enables one to measme simultaneously (a) 
the duiation of inspiiation and expiiation, {h) the maximal, minimal 



Fig 1 — Diagram of the pneumatograph used R is the respiratory tube, D the 
differential capsule, E the narrow portion of the tube, M the Frank capsule, 5 light 
to mirror 

and mean velocity of the expiied an , (c) the volume of a single lespiia- 
tion, (rf) the late of respiration, and (c) the respiiatoiy minute volume 
Figuie 2 lepiesents the pneumotachogi am (F) of a noimal subject, 
with the simultaneously legisteied heait sounds (F), electiocardiograra 
(£) and velocity cuives for the pulse (F) In analyzing the pneu- 
motachogi ams of noimal persons, one finds that theie aie small irregu- 
laiities superimposed on the inspiratoiy and expiratoiy curves These 
iiiegulanties have been noted by pievious mvestigatoi s Fleisch® 
attiibuted them to fluctuation m the velocity of lespiied air, as a result 
of uneven function of the lespiiatoiy muscles That at least some of 
the fluctuations in the velocity do not depend on the function of the 
lespiiatoiy muscles, but have a lelationship to the caidiac function, can 
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be demonstiated if one simultaneously legisteis the heait sounds or 
caidiac action (electiocaidiogiam) with the pneumotachogram If the 
lespiiation stops, the pneumotachogiam continues as a stiaight line, in 
1101 inal pel sons, and no notches are obseived 

In extending oui obseivations fiom noimal subjects to patients with 
cai diovascular and pulmonaiy diseases, it was found that some of the 
patients showed notchings of the pneumotachogi ams even duiing respiia- 
tory standstill These notchings were piesent in inspiratory standstill 
only 111 some of the patients obseived, and in both mspiiatoiy and 
expiiatoiy standstill in otheis It was also obseived that ceitaiii simple 
lespiiatoiy gymnastics intensified oi deci eased these notchings of the 
curves It was oiii ami, thei ef oi e, to detei mine the mechanisms and the 
significance of the piesence and absence of these notchings of the pneu- 
inotachogiams 

EXPERIMENTAL OBSERVATIONS 

Aftei a iiumhei of attempts, the following expeimient was per- 
foinied on noimal subjects and on patients studied The pneuniotacho- 
grani and electiocaidiogiam, oi the heart sounds, were legistered 
simultaneously dm mg the natuial state of the lespiiation Then the 
subject took a deep inspiiation, followed by a lespiratory standstill of 
SIX seconds’ duiation, a foicible expiiation followed, with another 
respiratory standstill of six seconds’ duration at the end of the expira- 
tion In registeimg the noimal lespiration and the desciibed lespiratory 
gymnastic of fifty noimal subjects, no definite notchings synchronous 
with the heart action dm mg the respiiatoiy standstill weie observed 
The tiacing continued as a stiaight line dm mg respiratoiy standstill 

Figure 3 repiesents such an obseivation, with simultaneously regis- 
teied heait sounds, electrocardiogram and velocity curve of the pulse 
With the onset of respiratoiy standstill at the end of a forceful inspira- 
tion, the tracing falls to the zero line and forms a straight line until the 
lespiiation is resumed Occasionally, iiiegulaiities occm duiing the 
respiratory standstill These, however, have no relation to the function 
of the heart, and aie due either to swallowing movements or to the 
fact that a numbei of elderly peisons are unable to hold their breath 
completely, even if the extiathoracic muscles stop their activity 
slight excmsions of the diaphragm continue It is also impoitant that 
during the respiiatory standstill the vocal cords should be kept open, 
for if closed, the pneumotachogiam will always show a stiaight line 

The eighty-thiee patients whose respirations were studied had the 
following conditions valvulai disease of the heait, (a) ten cases of 
syphilitic origin and (&) twenty-five cases lesulting fiom rheumatic 
fever, syphilitic aneuiysm of the aoita, six cases, aiteiial hypei tension 
with myocaidial hypei tiojihy, twenty-one cases, adhesive peiicarditis, 
fom cases, tumois of the lungs and of the plema, seven cases, and othei 
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disoideis of the lungs, ten cases The majority of the patients obseived 
had respnatoiy cuives which weie identical with those of normal sub- 
jects The pneumotachogiaph of patients with circulatory failure, as 
expected, showed an inci eased lespiratory rate, and occasionally 
inci eased minute volume Similaily, the tiacings of the majoiity of 
the patients gave a straight line during the lespiratory standstill In six 
patients, however, with aneuiysm of the thoracic portion of the aoita, 
notchlike elevations synchionous with the heait action were observed 
duiiiig both the mspiiatory and the expiiatory standstill, although the 
notchlike elevations were more maiked in inspiration An analysis of 
the notching in its relation to the heait sounds indicated that with cai- 
diac systole a small amount of air is expelled from the lungs , 
synchronously with the second sound, which corresponds to the closure 
of the aoitic valves, a small amount of an flows back into the lungs 
although the lespiratoiy muscles aie not active 

The phenomena observed, in oui opinion, are best explained by 
recalling that thoracic aneuiysms of the aoita aie usually in close con- 
tact with the pleural surface Film adhesions between the wall of the 
aneurysm and pleuia are often obseived The aneuiysmal sac of the 
arota, theiefoie, may act as a pressuie and suction pump and may pio- 
duce fluctuations in the content of air m the lungs, which is registered 
with the sensitive apparatus applied We observed, altogethei, six 
patients m whom the diagnosis of syphilitic aneurysm was established 
by clinical evidence, serologic observations and fluoioscopic and 
roentgen examinations If obseivations on a largei number of patients 
with aneurysm indicate that this notching of the pneumotachogram is 
present m a high percentage of such patients, the sign should be con- 
sidered an important and valuable aid in the diagnosis of aneurysm 
of the aorta 

Following the obseivations on patients with aneurysm of the 
thoiacic portion of the aoita, studies were made of the mspiiatory 
mechanism of patients with tumors of the lung and pleura As is well 
recognized, the diffeiential diagnosis between aneurysm of the aoita and 
neoplasms located in the mediastinum is occasionally most difficult and 
sometimes impossible All the signs of diffeiential diagnostic impor- 
tance may be present m both conditions The roentgen shadow of a 
solid tumoi and of a pulsating aneurysm may be identical It is true 
that an iiiegulaily outlined shadow favors the presence of tumor, but 
multilocular aneuiysms are not raie Undei fluoroscopic examination, 
both tumors of the lungs and those of the pleura may show tiansmitted 
pulsations which aie synchionous with the heart A shadow which 
extends into the lung field favors the diagnosis of tumor of the lung, 
as it is most fiequently associated with bronchial carcinoma This 
sign, however, may be absent in the case of malignant tumors, and may 
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be present as a complication in aneurysm Aneurjsms of the arch of 
the aoita are especially likely to produce compiession of the left bionchus 
which may result in partial or complete atelectasis of ceitain areas 
of the lung Such a clinical condition may gi\e a loentgen and 
fluoioscopic pictuie identical with that of a tumor of the lung Paiesis 
of the recurrent lai>ngeal nerie and compiession of the vena cava may 
also occur in both conditions Similarl 3 % hemoptysis may develop in 
such conditions Effusions in the pleuial cavity may be piesent both 
in patients with tumoi of the lung and in patients with aneuiysm 
The piactical significance of this diffeiential diagnostic pioblem has 
grown dining recent )’^eais, as the frequency of pnmaiy malignant 
tumoi s of the lungs has inci eased consideiably both in Ameiica and in 
Europe during the past few years 

We studied the respiratory mechanism of seven patients in whom the 
diagnosis of tumor of the lung was established by autopsy or by the 
appearance of metastasis during life The respiratory curves of all 
seven cases observed were identical with those of normal subjects 
The characteristic notches seen in the pneumotachograms of patients 
with aortic aneuiysms were not observed Figure 4 represents the 
pneumotachogi am of a patient with aneuiysm and of one with tumor 
of the lung, veiified by postmortem examination 

Considering that aneuiysm, like mediastinal tumor and tumoi of the 
lung, IS relatively rare, the observations on six patients with aneuiysm 
and on seven patients with tumor of the lung are sufficiently large to 
attach significance to these observations The possibility that certain 
anetiivsms ma) not give the sign, and that some mediastinal tumors 
may pioduce notchmgs of the pneumotachogi am dm mg respiratory 
standstill can be ruled out definitely only after a study of a larger 
number of cases Repetition of the observations, therefoie, will 
facilitate settling that aspect of the problem 

In addition to the patients with aneurysm of the thoiacic aorta, 
patients with clinical signs of adhesive pericarditis exhibited notchings 
svnchronous with the heart beat dm mg inspiratory standstill, but, in 
contrast to the patients with aneurysm, they failed to show notchings 
during the expiiatoiv standstill Figure 5 is a tracing obtained on a 
patient with adhesive pericarditis 

Our iiitei pretation of the pneumotachograms of patients witli 
adhesive peiicaiditis is as follow^s It is recognized that in a number of 
patients with adhesive peiicarditis, firm adhesions are piesent not onl> 
between the visceial and parietal laj'ers of the pericardium (accietio), 
but also between the parietal pericardium and pleura (concretio) This 
latter tvpe of adhesion may be intense enough over the diaphragmatic 
aspect of the pleura to exert a pull on the diaphragm, which in turn, 
produces a visible pulsation over its place of attachment This can be 




Xi'ig 4 — Pneumotachogiams of natural breathing followed by inspiratory standstill in a patient with primary carcinoma of the bronchus of 
the light lung (iippei tracing), and that in a patient with aneurysm of the arch of the aorta (lower tracing) 



Fig 5 — Piicumotachogram of a patient who had chronic rheumatic endocarditis with marked cardiac hypertrophy and Broadbent’s sign .S' is the record of the heart 
sounds , P IS the pneumotachogram during inspiratory and expiratory standstill 


HOCHREIN-WEISS— PNEUMOTACHOGRAPH 


299 


observed easily near the region of the floating ribs (Broadbent's sign) 
This sign IS piesent only in a i datively small percentage of patients 
with adhesive pericarditis It is our contention that the behavior of 
the pneumotachogi am in adhesive peiicarditis depends on identical 
pathologic changes, with the result that during inspiration when the 
diaphiagm is lowered and the pull of the adhesions is increased, a 
pulsating movement of the diaphragm will occur which in turn causes 
a to-and-fro fluctuation of air in the lungs, provided there is a free 
communication with the outside an Duiing expiration, the adhesions 
being looser, the pull exerted is insufficient to produce pulsating move- 
ments of the diaphragm 

Special importance is attached to the fact that in addition to the 
cases with definite clinical and laboratory obseivations indicating the 
presence of adhesive peiicarditis, seven of twenty-five patients, or 28 
per cent, with chronic rheumatic endocarditis but no signs of adhesive 
pericarditis showed the same phenomena We believe that the mech- 
anism of the notchmgs of the respiratory curves m these patients is 
identical with that observed in patients with clinical manifestations of 
pericaiditis It is recognized that adhesive pericarditis occurs in 
rheumatic disease of the heart more fiequently than one may judge 
from the clinical behavior of the patients This conception is sub- 
stantiated by a comparison of the clinical behavior of patients in the 
Boston City Hospital, who died and in whom the postmortem exam- 
ination levealed pathologic changes of the mitial aspect of the endo- 
cardium characteristic of chronic rheumatic endocarditis An analysis 
showed that in seventeen of sixty-three cases (27 per cent) of mitral 
disease, marked adhesions of the pericardium were present although, 
clinically, in only three instances was adhesive pericarditis suggested 

The presence of notchmgs in the pneumotachogi aph during inspir- 
atory standstill in a number of patients with chronic rheumatic endo- 
carditis, therefore, may be the only sign indicative of the presence of 
adhesive pericarditis 

SUMMARY AND CONCLUSIONS 

1 The velocity of the respiration during its natuial state and during 
certain respiratoiy gymnastics was studied in fifty noimal subjects and 
m eighty -three patients with diseases of the heart and lungs 

2 Dm mg inspiratory oi expiiatory standstill, the pneumotachogram 
of the normal subjects and of the majority of the patients is a straight 
line 

3 In six patients with aneurysm of the thoracic portion of the aorta, 
notchmgs of the pneumotachogi am were observed during both inspira- 
tory and expiratoiy standstill 

4 The pneumotachogi am of four patients with clinical evidence of 
adhesive pericaiditis and of seven of twenty-five patients with chronic 
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rheumatic endocarditis exhibited similai notchmgs dining mspnatory 
standstill, but the tiacmg was a stiaight line dining expuatoiy stand- 
still 

5 Registration of the lespiiation with the pneumotachogi aph may 
be of considerable aid in certain diagnostic pioblems of intiathoiacic 
patholog} 

6 The obseivations indicate that iindei ceitam pathologic con- 
ditions the lungs act as sensitive plethysmogi aphs foi lecording abnoimal 
changes in the cardiac function 
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PrAKTISCHE DiEFERENTIALDIAGNOSTIK rUR AeRZTE UNO Studierende VI 
Haut- und Geschleciitskranheiten I Hautkrankheiten By Paul 
Tachau, Physician for Skin and Venereal Diseases in Wolfenbuttel-Braun- 
schweig Price, 14 marks Pp 237, with 3 illustrations Dresden Theodor 
Steinkopff, 1929 

This volume is a concise but detailed work dealing with diagnosis and differential 
diagnosis of dermatoses 

Pages 5 to 38 include general considerations of primary and secondary lesions 
On pages 39 to 142 the monomorphous diseases are considered, and on pages 143 
to 197 the polymorphous diseases are dealt with Diseases of the scalp occupy 
pages 198 to 207, diseases of the nails 207 to 210 and diseases of the mucous 
membranes 210 to 222 

The difficulties in the physical diagnosis of deimatoses make the work of less 
value to the practitioner who has had no special tiainmg m dermatology This 
defect could have been partially remedied b\ photographic illustrations of various 
primary and secondary lesions Since dermatologic diagnosis is governed largely 
by visual impressions, lack of illustrations is a serious fault The text, however, 
IS valuable m connection with advanced training of persons already founded m 
fundamental diagnosis 

The text is illustrated by three microscopic sketches, although other illustrations 
are said to form a supplement to the complete volume 
An excellent index occupies the last fifteen pages 

Diabetes Latente By Dr Felix Puchulu Buenos Aires Ferrari Hnos, 
1929 

This IS the inaugural dissertation of one of the assistants in Escudero’s Clinic, 
and consists of an admirable summary of the work done by the author, his chief 
and many others on the peculiar manifestations of diabetes in the preglycosunc 
stage 

It IS claimed that in normal persons the ingestion of dextrose causes a rise in 
the blood sugar, followed later by a considerable fall below the point where the 
test began This secondary fall is caused by the fact that the carbohydrate-storing 
mechanism has been speeded up Failure of the occurrence of this fall is interpreted 
as a deficiency m carbohydrate metabolism and is looked on as a precursor of 
diabetes 

Such a condition was discovered m a series of sixty-one persons suffering from 
skin and ocular diseases of various types When they were subjected to anti- 
diabetic therapy a marked improvement resulted 

The Principles or Clinical Pathology in Practice By Geoffrey 
Bourne and Kenneth Stone Price, $475 New York Oxford University 
Press, 1929 

Bourne and Stone’s compendium suffers from the same ailment that has afflicted 
medical books m the past and that will afflict many m the future The ambition 
of the authors and the range of the subject has impelled a cursory survey of many 
diseases , the limitation of the size of the book has resulted m a general super- 
ficiality As a result, the product is in general unsatisfactory Perhaps a conscious 
effort to write it down to the supposed level of the practitioner may have some- 
thing to do with the obviously elementary character Of the 370 odd pages, only 
7 are devoted to the stomach, and none of the recent methods of analysis are even 
mentioned The roentgen rays play no apparent role, and of modern chemical 
analysis of the blood there is hardly a suggestion The book offers nothing of 
value to the modern practitioner 



302 


ARCHIVES OF INTERNAL MEDICINE 


Cardi\c Arrh\thmias By Irving R Roth Price, §7 50 Pp 210 New 
"liork Paul B Hoeber, 1928 

The book is written in two sections, the first dealing with the anatomy and 
ph\siologj of the heart and the second with the cardiac arrhythmias The reading 
matter is reduced to a minimum, and diagrams and graphs are used to good 
advantage in explaining the interrelations of the various clinical phenomena in 
the normal as well as in the irregular heart beat The book is especially attractne 
to the average practitioner and student It is written clearly and briefly and 
IS illustrated in an enlightening manner 

Das Exsiccoseproblem By Professor Dr Erwin Schiff Price, 6 80 marks 
Pp 85 Berlin Julius Springer, 1929 

This IS an excellent monograph on the subject of water loss by a pioneer 
worker in this field Schiff considers the ways in which desiccation of the body 
IS brought about He discusses the pathologic, chemical and physical changes 
produced as a result of desiccation The treatment of desiccation due to various 
causes is outlined The bibliography is remarkably complete and includes references 
to more than 300 articles 
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THE TREATMENT OF PYURIA DUE TO 
BACILLUS COLU 

A HECHT JOHANSEN, MD 
Assistant Physician, Bispebjaerg Hospital, Copenhagen 

BOSTON 

It IS well known that a cultme of Baallus colt will become sterile on 
standing at 37 C , as the colon bacilli are killed by the acid that they 
themselves produce Test-tube expeiiments have shown that the acid 
cultme fluid has a growth-inhibiting, 01 a deadly, effect on colon bacilli 
Thus, a numbei of authors (Winslow and Lochiidge, 1906,^ Michaelis 
and Marcoia, 1912,^ Claik, 1915,® Deinby, 1921,^ and Waiburg and I, 
1925,®) have demonstiated that the growth of B coli is inhibited with 
a hydrogen ion concentration of about pn ^ 

In 1921, Haldane ° showed that the urine may be acidified to a degree 
corresponding to about pu 5 by the 01 al administiation of calcium 
chloride and ammonium chloride, and in 1924-1925, Warburg and I used 
this method on patients with infections of the urinaiy tiact as a 
therapeutic measure against these lesions In some cases this treatment 
was augmented by the additional administration of methenamine, as 
this substance pror^ed particularly effective in acid fluid The results, 
published m Acto mcdica Scandmavico showed recoveiy in about 50 
per cent of the cases At about the same time, Beckmann and van dei 
Reis obtained concordant results with a similar therapy 

As it was evident fiom these investigations that the disinfecting 
action of methenamine in infections of the uiinaiy tract is dependent on 
the acidity of the urine, I thought that it would also be of interest to 
find out whether some similar condition applies to phenyl salicylate, 
which has been used for a great many yeais as a uiinaiy disinfectant 

Submitted for publication, Dec 29, 1928 

From Medical Department B, Bispebjaerg Hospital, Copenhagen Physician 
in chief E Meulengracht 
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As IS well known, phenyl salicylate is a compound of salicylic acid 
and phenol that passes through the stomach without undergoing any 
change , in the intestines it is split into its components, both of which are 
rapidly absorbed and leave the oiganism by way of the urine, as phenol 
— the disinfecting part of phenyl salicylate— is combined with sulphuric 
acid and glycuronic acid 

While the urine is still in the bladder, feimentative piocesses ma) 
cause a splitting of this last compound, wheieby phenols are set free 
once more , and it is the oxidation of these phenols that gives the urine 
its eventual “phenyl sahcylate-colonng” 

As a rule, phenyl salicylate is given in doses of from 2 to 5 Gm 
daily, usually together with some acid potion — for instance, Mixtura 
acidi sulfurici,® which contains 0 25 per cent sulphuric acid If the idea 
heie IS to acidify the uiine in oidei to furthei the effect of phenyl salicy- 
late, the usual 3 or 4 tablespoonfuls of the “acid mixture” in twenty- 
four hours IS too small a dose, as Warburg and I have mentioned,® for 
3 times 15 cc of “acid mixture” contains about 20 cc of tenth-normal 
mineral acid, while 3 times 1 Gm of calcium chloiide corresponds to 
75 cc of tenth-noimal mineral acid 

The use of phenyl salicylate is usually discontinued when the uime 
becomes phenyl sahc 5 date-colored, for fear of toxic effects from the 
phenol The clinicians who have used phenyl salicylate have noticed 
that, all other factors being equal, some patients show phenyl salicylate- 
colored urine moie rapidly and more readily than do others for no 
demonstrable reason and, what is moie important, without any indica- 
tion of inciease in disinfecting effect concurrent with the phenyl salicy- 
late color 

In spite of the phenyl salicylate-colored urine, however, administration 
of phenyl salicylate has been continued for weeks without causing the 
patient to give any sign of toxic phenomena 

Briefly, such aie the guiding principles of phenyl salicylate theiap) 
My aim in this investigation has been the attempt at forming some 
idea — partly from my own experiments, partly on the basis of clinical 
observations — as to the extent to which the disinfecting effect of phenyl 
salicylate against B coh is dependent on the reaction of the urine 

I have not taken up the chemic-analytic aspect of the problem, with 
Its qualitative and quantitative determination of the split products that 
may be formed in the urine and eventually be active in the various phases 
of the phenyl sahcydate tieatment On the other hand I have tiied to 

Cc 

8 Acidi sulfunci dilute 20 

Syrupi rubi idaei 180 

A.qua destillatae 800 

1,000 
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find out whether it is practicable during phenyl salicylate treatment to 
demonstrate any differences in the disinfecting action of the urine 
against B coh on diffeient experimental conditions 

TECHNIC 

Briefly, the technic is as follows 

Sterile urine is obtained from a patient whose urinary tract is healthy The 
specimen is divided into four or five portions, to which hydrochloric acid and 
sodium hydroxide are added m such amounts as to give a series of differing 
specimens with pa ranging, for instance, from 6 6 to 4 8, With suitable intervals 

I have chosen the zone from pn 66 to 4 8, as it is within this interval that 
one may alter pa of the urine by means of medicamentation — with calcium chloride, 
for instance 

Under sterile precautions, equal amounts (5 cc, for instance) are pipetted 
from the various portions of urine of different hydrogen ion concentration (for 
instance, with pn 64, 5 7, 5 3 and 5) into sterile test tubes In addition, one 
should have on hand a number of tubes containing sterile broth 

Table 1 — Data Obtained xn a Scues of Tiansplants (No Medicamentation) * 


Tirst 1 Transplant 2 'Transplant 3 Transplant 4 'Transplant 
Inocula- (4 Hours) (8 Houis> (12 Hours) (20 Hours) 




r 





-V 

' Urine 

' — — ^ 

Pn 

Urine 

Urine 

Broth 

Urine 

Broth 

Urine 

Broth 

Broth 

70 

+ + 

+ + 


+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

62 

4- + 

+ + 

4- 

4* 4* 

+ + 

+ + 

4* 4“ 

+ + 

+ + 

52 

4* + 

— 

4* + 

— 

+ + 

— 

+ + 

— 

+ + 

4 0 

— 

— 

4- 4- 

— 

4- + 

— 

4* 4* 

— 

— 


Transplants into Ordinary Broth from Tubes with No Visible Growth 

70 

62 

52 ++ ++ + + 

45 + + 


* In this table and in tables 2, 3, 4, 5, 6, 7, 8, 9 and 10, + indicates visible growth, (+) 
indicates a considerable inhibition of growth, and — , no visible growth 

Now, transplants are made from a culture of an actively growing, pathogenic 
strain of B coh into two tubes of each kind of specimen of urine of different 
acidity, and the tubes are left in the incubator for four hours, then transplants 
are made from each of these tubes into tubes containing urine of the same pa 
as well as into tubes containing ordinary broth All these transplants are placed 
in the incubator, and four hours later, new transplants are made from the last 
ones m the same manner, etc 

The data obtained in such a series of transplants are given in table 1 The 
results of the transplantations are read after twenty-four hours From all tubes 
not showing visible growth, fresh transplants are made into tubes containing broth 
m order to find out whether the lack of visible growth is due to inhibition of 
growth or to killing of the bacilli 

The transplants were made every four hours to imitate, as far as possible, 
the conditions in the organism, when one assumes the bladder to empty itself 
every four hours These four hours then leave time for the bacilli to grow as 
well as time for the eventual bactericidal substances in the urine to counteract 
the bacterial growth 
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I then gave phen}! salici'late, 1 Gm four times daily, to the same patient for 
four days and repeated the previously described culture experiments with the 
same colon strain on portions of the same sterile urine, differing in degree of 
aciditj , and with the same transplants, the same time intervals, etc , as in the 
foregoing experiment The results of these experiments are given in table 2 
A third series of experiments was carried out with the same patient This 
the same oblique line — from the bottom at the left and upward to the right — 
just as ft does in table 1 , consequentlj', the more acid the urine, the fewer trans- 
plants are required for sterility 

A third series of experiments were earned out with the same patient This 
time he was given calcium chloride for several days, until the urine gave an 
acid reaction to methyl red, this reaction was kept up, while the patient received 
phenyl salicylate, 1 Gm four times daily for four days The same experiments 

Table 2 — Data Obtained iit a Senes of Ti ansflants Aftei the Adnwustiation 

of Phenyl Salicylate 



First 

Inocula 

tion, 

Urine 

1 Transplant 
(4 Hours) 

2 Transplant 
(8 Hours) 

3 Transplant 
(12 Hours) 

4 Transplant 
(20 Hours) 

pn 

Urine 

Broth 

Urine 

Broth 

Urine Broth 

' Urine 

Brotli 

62 

67 

53 

0 0 

+ + 

+ + 
+(.+) 

+ + 

+ + 

+ + 

+ + 
+(+) 

+ + 

+ + 

+ + 

-i — i- 
(+)(+) 

+ + + + 

+ + 

H — h 

— (+)(+) 

1 1 1 1 
till 

+ + 

+ + 

4* 4* 
(+)(+) 


Transplants into 

Ordinary Broth from Tubes with No Visible 

Growth 


62 

57 

53 

50 

4- 4“ 

4- — 

4- 4- 
4- 4" 


+ + 


4" 4- 

4" 4" 



Table 3 — Data Obtained in a Senes of Tiansplants Aftei the AdniinisU ahon 
of Calcium Chlondc and Phenyl Salicylate 


First 1 Transplant 2 Transplant 3 Transplant 4 Transplant 
Inocula (4 Hours) (8 Hours) (12 Hours) (20 Hours) 

tion. / '' . , '• > , '• . , * — 


pn 

tion. 

Urine 

, A- 

Urine 

- — > r 

Broth Urine 

.A 

Broth' 

^ ^ 

Urine Broth 

, ^ — , 

Urine Broth 

63 

57 

53 

4 9 

+ + 

MM 

1 1 M 

+ + 

+ + 

+ + 

+ + 

+ + 

4" 4- 






Transplants into Ordinarj Broth from Tubes wnth No Visible 

Grow th 

63 

+ 111 
+ + 1 1 

(+)(+) 

+ + 


— 

— 

5 3 

4 9 

1 1 

1 1 

— 


— 

— 


as before were repeated in an analogous manner The results are given in 
table 3 

This table show's the same acclivity for the transition from -}- to — growth , 
but, as will be noticed, the line has shifted definitely upward to the left, which 
indicates that the urine has a more disinfecting effect m the last experiment 

This fact IS still more obvious when the points at which sterility is ascertained 
are marked on a coordinate system with the pn values along the abscissa and the 
number of transplants along the ordinate The outcome will be two curves of 
different courses one curve for the experiment in which the patient w'as given 
phenj'l salicjlate alone, and a different curve for the experiment in which the 
patient’s urine is acidified, prcMOUs to the ingestion of phenyl salicylate, by means 
of calcium chloride (chart 1) The greater disinfectant pow'er of the urine in 
the last case is manifest in the smaller number of transplants as well as m its 
germicidal action m spite of the higher pn values 
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I have repeated these experiments in the same manner with two more patients 
with healthy urinary tracts and with two other pathogenic strains of B coh, 
the results obtained were similar to those of the experimental senes just men- 
tioned, although to a less pronounced degree They are given in tables 4, 5 and 
6 with the corresponding chart 2, and in tables 7, 8 and 9 with the corresponding 
chart 3 In charts 2 and 3, the degrees of acidity and the numbers of transplants 



Chart 1 — Curves representing tlie results in tables 2 and 3 



Chart 2 — Curves representing the results in tables 4 S and 6 


at Avhich sterility first appeared are recorded in the same manner as was done m 
chart 1 

Obviously, the colon strains that are used in the last two series of experiments 
show a lesser degree of difference in sensitivity wdien the experiments are made, 
respectively, with ordinary urine, with urine containing phenyl sahejdate and with 
urine that is kept acid during the phenyl salicylate treatment I cannot saj 
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whether one might be able to make the difference more conspicuous by carrying 
out the experiments with a senes of urines of differing acidities, in which the 
difference in pB is smaller than that in these experiments 


Table 4 — Data Obtained m a Sciics of Transplants (No Mcdicamcntation) 



First 

Inocula- 

tion, 

Urine 

1 Transplant 
(4 Hours) 

2 Transplant 
(8 Hours) 

A 

3 Transplant 
(12 Hours) 

4 Transplant 
(20 Hours) 

pn 

Urine Broth’ 

Urine Broth 

Urine Broth 

Unne 

Broth' 

64 

56 

52 

49 

+ + 

4* 4- 

+ + -i- + 

+ + 

-i — h 

+ + 

-1- -1- + + 
+ -i- 

+ + + + 

+ + 

+ + 


Transplants into Ordinary Broth from Tubes with No Visible 

Growth 


64 

56 

52 

49 

+ -1- 

4- 4* 

4“ 4“ 

(4-)(4-) 

-t- + 

-1- 4- 
C4-)C4-) 

+ + 


Table 5 — Data Obtained in 

a Senes of Ti ansplants Aftei Administi ation of 




Phenyl Salicylate 





First 

Inocula- 

tion, 

Urine 

1 Transplant 
(4 Hours) 

2 Transplant 
(8 Hours) 

3 Transplant 
(12 Hours) 

A 

4 Transplant 
(20 Hours) 

Pa 

Urine Broth 

Urine Broth 

Urine Broth 

Urine 

Broth 

62 

57 

53 

50 

4* 4- 

4* 4" 

4" 4* H — h 

4- 4- 4-4- 

— — 4* 4- 

— 4- 4* 

4-4- 4-4- 

4- 4- 

-4-4“ 

-f- 4~ 4-4- 

+ 4, 

+ 4- 

4- 4- 

-L — 


Transplants into Ordinarj Broth from Tubes nith No Visible 

Growth 


62 

57 

53 

50 

+ -i- 

4- 4- 

+ + 

-i- — 

— . — 


Table 

6 — Data 

Obtained in a 

Senes of Ti ansplants After Administration of 



Calcium Chloride and Phenyl Salicylate 




First 

Inocula 

tion, 

Urine 

1 Transplant 
(4 Hours) 

A 

2 Transplant 
(8 Hours) 

3 Transplant 
(12 Hours) 

4 Transplant 
(20 Hours) 

1 

Pii 

Urine Broth 

Urine Broth 

Urine Broth 

Urine 

Broth 

6 5 

5 6 
53 

4 9 

+ -i- 

•i — h H — h 

-f + -f- -f 

+ + 

+ + 

H — h 4-4- 

4* 4“ 4- 

4- 4- 

+ + + -i- 

H — h 

-1- -i- 
-h — 

65 

56 

5 a 

Transplants into Ordinary Broth from Tubes with No Visible 

Gron th 


-i- + 

+ + 

+ + 

— 

— 


4 9 

— 

— 

— 

— 

— 



Table 7 — Data Obtained m a Senes of Tiansplants (No Medicamentation) 


First 1 Transplant 2 Transplant 3 Transplant 4 Transplant 
Inocula- (4 Hours) (8 Hours') (12 Hours) (20 Hours) 

tion. , '■ , , * V , * , , 


Pn 

non, 

Urine 

Urine 

Broth 

/ 

Urine 

Broth’ 

t 

Urine 

-A ^ 

Broth 

^Urine 

Broth 

60 

■\ — h 

+ 

j- + 

+ + 

4- 4- 

-1- + 

-i- T 

MM 

+ 

55 

+ 

~ -1. 

+ -f 

+ + 

+ -r 

— 

— 

— 

— 

52 

+ -1- 

+ -f 

-f -1- 

— 

4- 4- 

— 

— 

— 

— 

4 9 

+ 

— 

4- 4- 

— 

+— 

— 

— 

— 

— — 


Transplants into Ordinary Broth from Tubes ivith Ko Visible Growth 
GO 
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Table 8 — Data Obtained tn a Scites of Transplants After Administration of 

Phenyl Salicylate 





Table 10 — Calcium Cliloiidc and Phenyl Salicylate licatincnt in Pytuia Due to B Coli 
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In chart 3, it is shown that the effect of phenyl salicylate and that of calcium 
chloride and phenyl salicylate are mostly parallel , but on one single point the latter 
method excels Chart 2 and, at any rate, chart 1 show a more conspicuous differ- 
ence in the disinfecting power of the urine on the different experimental conditions 

COMMENT 

Prom these experiments it seems evident that, whatever the under- 
lying process may be, the urine gams in disinfecting power when it is 
kept acid duiing the treatment with phenyl salicylate It is possible 
that some cleavages take place, with splitting of the phenol that is bound 
to the acids It cannot be the effect of the acidity itself on the bacteria 
that sustains the bacteiicidal effect m the third section of the experi- 
mental series, this much is evident from the arrangement of the 
experiments, as pn is made to vary to the same extent in all three 
sections (of the experiments) within each series by the addition of acid 
or base And yet, the last section of each series shows a greater disin- 
fectant effect than do the other sections of the lespective series, in spite 
of the same p-^ values throughout each senes Some process, then, must 
have taken place within the organism whereby the disinfecting power of 
phenyl salicylate is fuither intensified when the urine is kept acid during 
the treatment with phenyl salicylate 

This fact, that the disinfecting power of phenyl salicylate is increased 
by concurrent acidification of the urine, is perhaps something that has 
been surmised for some time But, as far as I know, no therapy with 
phenyl salicylate has previously been instituted against pyuria caused by 
colon bacilli m which suitable acidity of the urine was made sure of 
beforehand These experiments, then, encouraged me to try out a 
therapy on this basis in patients with pjmria due to B coli 

So I gave the patients calcium chloride — usually 1 Gm — five tunes 
daily till the urine pioved acid on a qualitative test with methyl red 
The test consists simply in adding two oi three drops of a 1 per cent 
solution of methyl red to about 10 cc of urine If the urine takes on a 
red color, then it has reached a suitable degree of acidity (pH less than 
5 5) , if, on the other hand, the urine remains yellow, it is necessary to 
increase the dose of calcium chloride until the urine is colored red by 
the indicator 

I have taken care to keep the urine at this degree of acidity by suit- 
able dosage of calcium chloride, while at the same time I have given 
the patients 1 Gm of phenyl salic}late four times a day, I have con- 
tinued this treatment until the cathetenzed urine proved sterile on 
culture, which test was made ever)’^ week 

The results m the patients whom I have tieated in this manner are 
gnen m table 10 m such a way as to furnish a quick survey of the course 
of the treatment In order to avoid the repetitions in giving the details 
of the ^arlous ordinarx case histones, I have given only the chief 
features of each case 
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As shown in table 10, the last nine patients received slightly diiferent 
ti eatment 

As it was found that the calcium chloride tablets cause cardialgia in 
some patients and dyspeptic symptoms in others, I thought about the 
possibility of avoiding this drawback by coating the tablets with phenyl 
salicylate, so that the calcium chloride would pass through the stomach 
without undergoing any change 

Considering that phenyl salicylate and calcium chloride are used in 
somewhat constant proportions in this method of treatment, I communi- 
cated with a pharmaceutical firm (Medicinalco, Ltd , Copenhagen) in 
regard to the possibility of prepaiing tablets of 0 6 Gm calcium chloride 
with a coating of about 0 3 Gm of phenyl salicylate After some 
experimentation, the manufacturers succeeded in producing such tablets 
I have treated a number of patients with these tablets, using 3 three 
times daily for standaid doses Within a few days, the urine would 
give an acid reaction toward methyl red, just as it did m the earlier 
treatment with calcium chloride and phenyl salicylate, in a single 
instance the urine was phenyl salicylate-colored Dyspeptic conditions 
developed in no instance, not even on ingestion of 15 tablets a day One 
of the patients suffered from dyspepsia beforehand, and his condition 
was not aggravated during the treatment 

Thus the same effect was attained with these tablets as when calcium 
chloride and phenyl salicylate were given separately, by this ti eatment, 
dyspepsia was avoided altogether The treatment with pyelol tablets is 
theiefore easy to carry through, it is innoxious, and it can eventually be 
given as ambulatory treatment In most of the cases in which it was 
employed,® this treatment resulted in recovery 

SUMMARY 

It IS shown experimentally^ that the disinfecting power of phenyl 
salicylate against B coh is inci eased by concurrent acidification of the 
urine 

When calcium chloride and phenyl salicylate were employed together 
in the clinical treatment of twenty-four patients suffering from pyuria, 
cures were obtained in 75 per cent 

Calcium chloride alone caused the development of gastric symptoms 
m some patients, but this was avoided by giving the calcium chloride in 
tablets coated with phenyl salicylate which contained the proper propor- 
tions of both phenyl salicylate and calcium chloi ide 

9 As these tablets, on account of the coating of phenyl salicylate, pass 
through the stomach without any discomfort, they are particularly serviceable also 
m such lesions as bronchial asthma, tetany, urticaria and other conditions with 
itch of the skin m which one would be inclined to institute a treatment with 
calcium chloride but forbears to do so on account of dyspeptic troubles 
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The more we can learn about peptic ulcer, the more accurate we 
can be in the recognition of its type, activity and microscopic changes, 
and the better we understand the complications, the more intelligently 
we can advise treatment for individual cases 

Surgical treatment for peptic ulcer probably offers the better chance 
for rapid and permanent cure, particularly in complicated cases, but cer- 
tain patients respond well to nonsurgical measures and remain entirely 
without symptoms for an indefinite period Some patients with peptic 
ulcers fail to benefit permanently, or perhaps even temporarily, from a 
medical regimen In some of these patients the reasons for failure are 
that the ulcer which is being treated is a penetrating lesion, or perhaps it 
is one in which obstructive features are easily recognizable A carefully 
taken history usually will include information from which fairly accurate 
deductions regarding the microscopic changes of a lesion can be obtained 
Previously it has been pointed out by one of us (Rivers that patients 
with ulcer, who have severe epigastric pains, especially if these pains 
are referred thiough to the back, or upward into the chest, are likely 
to do poorly on a nonsurgical regimen Patients with such symptoms 
usually have a perforating type of lesion, and as a rule, they come to 
operation befoie permanent relief is obtained 

Another pitfall which usually can be avoided by taking a careful 
history is failure to recognize other pathologic entities which may exist 
ill conjunction with a peptic lesion It is obvious that the nonsurgical 
treatment of ulcer, under such circumstances, usually would be a waste 
of time and a great injustice to the patient It is common knowledge 
that peptic ulcer often is found m conjunction with varying degrees of 
cholecystitis and appendicitis Although this “trinity of disease” is far 
from unusual, one or the other pathologic entity is almost certain to 
demand especial consideration m diagnosis because of the predominant 
grouping of pertinent symptoms Peptic ulcer may be present and 

* Submitted for publication, Jan 30, 1929 

=*■ From tlie Dnision of Medicine, the Mayo Clinic 

1 Rivers, A B New Developments in the Treatment of Peptic Ulcer with 
Notes on the Preoperatne Care and Management of Complications, Journal- 
Lancet 48 21, 1928 
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there may be definite characteristics in the histoiy suggesting that it is 
active, yet concurring secondary conditions ultimately may prove of 
great impoitance, and the apparently dominating condition may respond 
differently to therapeutic attempts because of variations m the impor- 
tance of the secondary condition 

Smithies,” m reviewing the observations following laparotomy in 264 
cases of gastric ulcer, stated “In 35 per cent of instances, diseased 
appendix was associated with gastric ulcer In 15 per cent cholecystitis 
and cholelithiasis were demonstrated as concomitant processes In view 
of these figures, ff is evident that all laparotomies should be thoroughly 
explored even when a well marked gastric ulcer has been demonstrated ” 
Smithies also found as associated lesions. Lane’s kink twice, carcinoma 
of the gallbladder once and pancreatitis four times Eusterman,” in 
reviewing a series of surgically verified gastric and duodenal ulcers, 
found that associated disease in the appendix occurred in 40 per cent 
and m the gallbladder in 9 7 per cent 

PURPOSE OF STUDY 

In glancing over a large series of histones of cases m which the 
preoperative diagnosis is gastric or duodenal ulcer, one is impressed 
with the variety of associated diseases that is found at operation Many 
problems immediately present themselves, and about a few of them 
we decided to gather information with the following purposes in mind 
(1) to acquaint ourselves with the diseases that may be hidden in the 
ulcer syndrome sufficiently to pass unrecognized in the preoperative 
observation of the clinicians and the consulting surgeons, (2) to deter- 
mine whether more careful evaluation of symptoms and observations, 
with probable greater accuracy in detection of associated diseases, would 
materially benefit the patient, (3) to answer, if possible, the question 
as to whether the probability of coexisting disease should influence us 
in advising surgical treatment for a patient with an ulcer which we 
believe would respond well to a medical regimen, and (4) to focus 
oui attention on the rarer associated diseases, giving brief illustrative 
case histones to see if by any signs we could have suspected the patho- 
logic changes encountered at operation 

MATERIAL 

The material for study included the records of 1,075 patients in 
whom ulcerating lesions of the stomach and duodenum were found at 

2 Smithies, Frank Gastric Ulcer Without Food Retention A Clinical 
Analysis of One Hundred and Forty Operatively Demonstrated Cases, Am J 
M Sc 164 340, 1913 

3 Eusterman, G B The Essential Factors in the Diagnosis of Chronic 
Gastric and Duodenal Ulcers, J A M A 65 1500 (Oct 30) 1915 
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operation A prerequisite to inclusion of these histones in the series ^\as 
that the diagnosis of a single lesion, such as gastric ulcer or duodenal 
ulcer, must have been made preoperatively Histones of cases in which 
a dual diagnosis, such as gastric ulcer and cholecystitis, was made by the 
clinician were not accepted for study Cases in which another condition 
was diagnosed that was irrelevant to the condition in the stomach or 
duodenum, for instance, a case with the diagnosis of duodenal ulcer and 
hypertrophic arthritis of the right knee, were not excluded from this 
senes The pathologists’ reports were taken as the final diagnosis 
when the tissues were removed In a great number of these cases, 
however, tissue was not removed , in these, the surgeon’s diagnosis was 
accepted 

This series of 1,075 cases included 700 of duodenal ulcer and 375 
of gastric ulcer 

LESIONS FOUND IN PATIENTS OPERATED ON FOR DUODENAL ULCER 

Chart 1 IS a graphic representation of the various lesions found at 
operation after a clinical diagnosis of duodenal ulcer had been made The 
data were compiled from a study of 700 cases In 38 per cent, duodenal 
ulcer was the sole abnormality found at operation In 62 per cent, 
some pathologic entity not specified preoperatively was found to be 
associated with the peptic ulcer The diagnosis of diseased appendix 
was made by the operating surgeon in 51 8 per cent of the cases, in 
only 7 4 per cent, however, was the appendix acutely or subacutely 
inflamed Hence, 14 3 per cent of all cases of appendicitis found in 
patients operated on for ulcer of the duodenum seems to have been 
of noteworthy significance In 3 6 per cent of the 700 patients, distinct 
cholecystitis also was found An associated ulcer in the stomach was 
noted m 3 6 per cent of the cases from which this chart was compiled 
A rather curious fact is that this small group included eight cases 
(11 per cent included in the miscellaneous group) in which gastric ulcer 
was found after the clinician, basing his diagnosis of position of the 
lesion mainly on the roentgen data, had made a diagnosis of duodenal 
ulcer There is a miscellaneous group of 3 per cent Among the more 
unusual observations are duodenitis without actual ulcer, 0 7 pfer cent , 
benign tumors 0 4 per cent, Meckel’s diverticulum, 0 3 per cent, 
duodenal diverticulum, 0 14 per cent, and one of carcinoma of the stom- 
ach, 0 14 per cent Attention should be called here to the fact that in 
700 operations for duodenal ulcer, only once was a carcinoma dis- 
covered 

LESIONS FOUND IN PATIENTS OPERATED ON TOR GASTRIC ULCER 

Chart 2 represents graphically the lesions found at operation after 
a preoperative diagnosis of gastric ulcer had been made It will be 
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noted that m a little moie than half of these patients, 508 per cent, a 
lesion other than the gastiic ulcei was not discovered Associated 
appendicitis was lepoited by the suigeon in 38 8 per cent of these 
cases Of this gioup, however, m only 3 1 per cent was the appendix 
in a state of subacute oi acute inflammation Duodenal ulcer in asso- 
ciation with gash 1 C ulcer was found twenty times, or 5 2 per cent 
Cholecystitis was found eight times or 2 1 pei cent Probably the most 
important fact which is appaient from a study of these data is that 



Chart 1 — Percentage of lesions found at operation after duodenal ulcer had 
been diagnosed clinically In the section designated miscellaneous are included 
gastric ulcers only, 1 1 per cent , duodenitis only, 0 7 per cent , benign tumors, 0 4 
per cent, Meckel’s diverticulum, 03 per cent, duodenal diverticulum, 014 per cent, 
and associated carcinoma of the stomach, 0 14 per cent 

changes which aroused suspicion of a malignant condition were found 
m 2 1 per cent of these ulcers The more unusual lesions discovered in 
the course of laparotom}^ on patients included in this group were Lane’s 
kink in 026 per cent, calcareous lymph node of the jejunum, in 026 
per cent, splenitis, in 0 26 per cent, and gastritis without pathologic 
evidence of gastric ulcer m 026 per cent 
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LESIOXS rOTjND IN PATIENTS OPERATED ON FOR EITHER 
DUODENAL OR GASTRIC ULCER 

Chart 3 represents a combination of chart 1 and 2 These cases 
have been subdivided into foui groups The groups will be considered 
separately 

Group 1 — This includes (o) cases in which only the gastric oi 
duodenal ulcer preoperatively specified was found, (&) cases in which 



Chart 2 — Percentage of lesions found at operation after gastric ulcer had 
been diagnosed clinically In the section designated a, b, c, d, are included Lane’s 
kink, 0 26 per cent, cancerous gland of the jejunum, 0 26 per cent, gastritis onlv, 
0 26 per cent, and splenitis, 0 26 per cent 

both duodenal and gastric ulcers were found, (c) cases in which, in 
addition to ulcer, chronic appendicitis was found 

In 42 3 per cent of the total number of cases included in this group, 
operation revealed only the pathologic condition diagnosed by the 
clinician Furthermore, the lesion was found in the location indicated 
preoperatively In forty-six instances, or 4 2 per cent, both duodenal 
and gastric ulcer were discovered at operation Frequently there were 
multiple ulcers in the stomach or duodenum This becomes of some 
importance when one considers that the surgeon who is satisfied with 
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only the ulcei which aheady has been found, and fails to exploie 
further, may overlook secondaiy ulcers Thus, a situation may aiise 
which IS extremely unpleasant for the patient and embaiiassmg for the 
suigeon In the cases diagnosed as gastric ulcer, combined ulcei s weie 
found a little moie frequently than in those with the diagnosis of 
duodenal ulcer In 3 6 per cent of the cases diagnosed as duodenal 



Chart 3 — Percentage of lesions found at operation, arranged in groups, after 
duodenal ulcer and gastric ulcer had been diagnosed clinically In the section 
designated miscellaneous are included benign tumors, 03 per cent, duodenitis 
or gastritis, 0 S per cent , diverticula, 0 3 per cent , Lane’s kink, calcerous gland 
of the jejunum, and splenitis, one case each, 0 3 per cent, and opposite ulcer 
0 7 per cent 

ulcei, gastric ulcei also was piesent, whereas m 5 2 pei cent of those 
diagnosed as gastiic ulcer, combined ulcer was piesent The lesion 
most fiequently associated with peptic ulcer is a chiomcally inflamed 
appendix Foity-one and six-tenths per cent of the patients sent to 
operation with a diagnosis eithei of gastiic oi of duodenal ulcer weie 
found to have chionic appendicitis also 
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The frequency of appendicitis deseiveS some comment At the 
usual ulcer age thei e ai e, as a i ule, some chi onic inflammatory changes 
in all appendixes Cai nett ^ expi essed the opinion that the appendix in 
practically every adult shows some evidence of previous inflammation 
It IS customary at the Mayo Clinic to remove all appendixes whenever 
practicable during the course of the less complicated laparotomies 
This procedure has, of course, certain limitations enforced by age, the 
general condition of the patient, emeigency operation and other condi- 
tions In the ulcei group usually there are no contraindications to 
secondary operative procedures such as appendectomy Removal of 
the appendix does not materially increase the risk of the operation, and 
such a procedure may save the patient anothei operation at a later date 
The importance of associated appendicitis, however, should not be 
overestimated There is some doubt that a mildly inflamed appendix 
will cause gasti o-mtestinal s 3 miptoms of any great impoitance These 
patients obviously did not make a serious complaint referable to the 
lower right quadrant, or some suggestion of the possible coexistence of 
this lesion would have been included m the consulting physician’s 
resume of the case 

The argument advanced b}- ceitain surgeons and pathologists foi 
the routine removal of appendixes encountered during laparotomy is 
that the appendix may become a focus of infection, thus disseminating 
disease elsewhere through the abdomen Regarding this, Carnett and 
Boles ° have the following to say 

Many of the theories relative to chronic appendicitis causing distant lesions 
originated before it was realized how commonly the appendix shows gross or 
microscopic evidence of chronic changes due to normal evolution of the organ 
The fairly constant findings of alterations in every appendix removed coincident 
with operations on the stomach, duodenum or gallbladder are not to be regarded 
as cause and effect The same changes are noted in appendixes removed inci- 
dental to operation on pus tubes or right inguinal hernias Aberrant or retrograde 
lymph flow from a chronically diseased appendix might, therefore, just as logically 
be ascribed as the cause of pus tubes or right inguinal hernia as of gastric ulcer or 
biliary disease There is no doubt that toxins and bacteria carried in the portal 
circulation may cause pathologic change in the liver or gallbladder, but there is 
no good reason to believe that these noxious agents originate in a comparatively 
small sclerosed appendix rather than elsewhere in the large sewage system of the 
intestinal tract 

Gyoiip 2 — In this group aie included cases in which in addition to 
peptic ulcer, acute or subacute appendicitis oi cholecystitis was present 

4 Carnett, J B Chronic Pseudoappendicitis Due to Intercostal Neuralgia, 
Am J M Sc 174 579, 1927 

5 Carnett, J B , and Boles, R S Fallacies Concerning Chronic Appen- 
dicitis, J A M A 91 1679 (Dec 30) 1928 
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Acute or subacute appendicitis was found unexpectedly as an associated 
lesion complicating peptic ulcer sixty-three times, or 5 9 per cent, m 
1,075 operations This complication, it will be recalled, was discovered 
in patients operated on for duodenal ulcer m 7 4 per cent of 700 cases 
It IS interesting that of the patients on whom operation was performed 
for gastric ulcer, only 3 1 per cent were found to have definite inflam- 
mation in the appendix The greater prevalence of this complication in 
those patients who were operated on for duodenal ulcer probably finds 
some explanation m the fact that these patients are usually younger, 
and thus are more likely to be in that period of life when acute appen- 
dicitis IS most common That the presence of acute or subacute 
appendicitis should have remained undetected in these patients is rather 
strange Of course, even severe appendicitis may give few, if any, 
symptoms, and may even go on to rupture without causing much pain 
There is the possibility, also, that patients who are having enough dis- 
tress from peptic ulcer to cause them to undergo operation might ignore 
the presence of less severe pain in the lower right quadrant and thus 
might fail to complain of distress in that area The pain of appendicitis 
IS not infrequently situated just to the right and but very slightly below 
the level of the umbilicus Undoubtedly, therefore, even though the 
patient might complain of pam in this area it might be assumed that 
peptic ulcer would explain this also Our experience leads us to believe 
that a patient with gastric or duodenal ulcer rarely localizes his pam in 
an area which could be confused with that of an inflamed appendix 
Almost invaiiably the patients who are found at operation to have an 
appieciable degree of appendicitis will have an area of definite tender- 
ness easily distinguishable from that usually expected in patients who 
have ulcer alone In spite of what can be brought forward in defense 
of the examining physician who fails to suggest definite disease m the 
appendix, even in the presence of a known peptic ulcer, there is reason 
to suspect that he was hasty in his examination of the abdomen or that 
he was too easily satisfied with the diagnosis of the case when the 
roentgenologist reported finding deformity in the stomach or duodenum 
Cholecystitis in addition to a gastric or duodenal lesion was dis- 
covered at laparotomy in 3 1 per cent of the cases m which the clinical 
diagnosis had been either gastric or duodenal ulcer It will be recalled 
that when cases in which the diagnosis was gastric ulcer were being 
considered m a class by themselves, disease of the gallbladder was found 
m 2 1 per cent Similar consideration of the patients on whom opera- 
tion was peifoimed after a diagnosis of duodenal ulcer was made 
showed that in 3 6 per cent the gallbladder was sufficiently diseased to 
justify its removal An error of 3 1 per cent in this group is surpris- 
ingly low, particnlarl)’- when it is considered that the symptoms of 
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cholecystitis and peptic ulcer may be difficult to diflferentiate It is 
doubtful if, with the help of meticulously taken histones and added 
experience with cholec} stography, we shall be able to improve much on 
this figure 

Gionp 3 — This group includes cases of malignant lesions, and 
lesions suspected of being malignant which were found m the course 
of laparotomy performed after a preoperative diagnosis of gastric or 
duodenal ulcer Because of the importance of this complication, we 
are submitting for analysis the individual histones of all of the eleven 
patients m this gioup, in all but one, the pieoperative diagnosis was 
gastric ulcer 

In the first two cases, specimens removed were diagnosed micro- 
scopically as carcinoma, and this leaves no doubt that the lesions weie 
malignant 

Case 1 — A man, aged 62, had had intervals of dyspepsia for twenty-five years 
He had suffered from pain m the midepigastrium which had come on two hours 
after meals Frequently pain had awakened him at 3 a m Sodium bicarbonate had 
relieved him although for a short time previous to his admission to the clinic, relief 
had not been complete He had had daily distress for six months During this time 
he had noticed a loss of weight of 6 8 Kg During the month before admission, he 
frequently had avoided food for two or three days because then he was more 
comfortable He was examined m the clinic Gastric analysis® revealed total 
acids 60, free hydrochloric 42 and total content recovered 1,000 cc The report 
of the roentgenologist vas duodenal ulcer with obstruction After preoperative 
preparation, operation was performed On the duodenal side of the pylorus was 
an ulcer, on the gastric side, a perforating carcinoma 

This IS the only case included in our senes in which the diagnosis 
was duodenal ulcei and in which a malignant condition was found at 
operation Carcinoma of the duodenum is so rare that its differential 
diagnosis needs scarcely be considered in dealing with duodenal ulcer 
In this instance, the marked obstruction was perfectly evident to the 
1 oentgenologist, but the area of malignancy, which was near the pylorus 
on the gastric side, was not visualized By general examination, one 
vould have been unable to detect the carcinoma, and there was nothing 
in the history to suggest such a complication The history of a dis- 
turbance of twenty-five years’ duration is characteristic of ulcer The 
1 ecent change in symptoms was due to obstructive features being super- 
imposed on those caused by the old ulcer Either the ulcer or the 
caicinoma ma} have caused the obstruction 

6 In each instance throughout this paper, the quantitative expression of 
acidity of gastric contents is in terms of number of cubic centimeters of tenth 
normal solution of sodium hjdroxide required to neutralize 100 cc of gastric con- 
tents The quantity reported as the content recovered is obtained one hour after 
the test meal has heen gn en 
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Case 2 — A woman, aged 51, had had pam in the upper portion of the abdomen 
for one month Pam came on about one hour after the meal, and radiated upward 
into the left side of the chest There was much gas, belching and regurgitation 
of acid gastric contents She vomited at intervals Distress was worse when the 
stomach w'as empty Occasionally she was awakened at night by pain in the 
epigastrium Analysis of gastric contents revealed total acidity ranging from 
12 to 24 and persistent achlorhydria , the quantity of content recovered was 247 cc 
The report of roentgen examination was that pyloric spasm and a suggestion 
of a small gastric ulcer were present At operation, early carcinoma on the border 
of a gastric ulcer was found 

Roentgen obseivations in this case did not help much except to 
localize the lesion Clinically, however, there was much evidence which 
might have led one to suspect the presence of a complicated gastric 
ulcer The age of the patient, the short history and the persistent 
anacidity should have made the clinician suspicious of the presence of 
a malignant ulcer or early carcinoma A history of the ulcer type is 
not at all uncommon in a malignant condition Often these patients 
complain of pain which comes on late after eating, and which is 
promptly relieved by the ingestion of food or soda This is particularly 
true of the penetrating types of carcinomatous ulcers On the other 
hand, the brevity of the history and the anacidity are not entirely incon- 
sistent with the diagnosis of benign gastric ulcer Usually, howevei, 
ulcers do not cause the severe symptoms manifested m this case 

In the following nine cases, the opinion of the surgeon, based on the 
gross pathologic appearance of the lesions at operation, was that a 
malignant condition was present The gross pathologic appearance at 
times IS deceptive, and further proof of the probability of diagnostic 
error in some of these patients is the fact that they are alive many 
years following the laparotomy at which the ulcer could not be excised 

Case 3 — A woman, aged 53, had suffered from dyspepsia for about fifteen 
years During the first twelve of these years, trouble had been intermittent 
During the last three years, she had had almost daily distress Pain had come 
on between meals, but had been relieved promptly by the taking of sodium 
bicarbonate Occasionally she had had nausea and vomiting with the pain, and 
occasionally she had vomited small amounts of blood On a few occasions there 
had been severe crampy, epigastric pains On the administration of a test meal, 
there was total acidity of 32 and free hydrochloric acid of 22, the quantity of 
gastric contents recovered was 148 cc Roentgen examination disclosed a per- 
forated gastric ulcer with hour-glass deformity At operation, subacute perforating 
gastric ulcer with hour-glass contraction was found The lesion looked malignant 

This patient’s dyspepsia began when she was 38 years of age and 
continued for twelve years with the usual chaiactenstics of ulcer Then 
she began to have daily trouble, still with characteristics of ulcer, but 
with nausea and vomiting At operation, a perforating ulcer with 
houi -glass coiiti action was found, the perforation piobably was related 
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to the hour-glass contraction as cause to efiect Either of these com- 
plications could cause a slight change in symptoms The symptoms of 
houi -glass stomach are not veiy definite, but usually, after this com- 
plication develops, the symptoms of nausea and vomiting supervene on 
the already established syndrome of ulcei 

Case 4 — A man, aged 64, had begun to have trouble with his stomach thirteen 
years prior to the time when he was seen at the clinic Epigastric distress had 
come on at any time, meals frequently had aggravated it, and vomiting had come 
on at irregular intervals He had been troubled with much belching and bloating 
Eleven years previously he had had severe epigastric pain, and an emergencj 
operation had been done A gastric ulcer had been found and sutured Following 
this, the patient had been fairly well for more than ten years Then recurring 
symptoms like those experienced before the operation had developed On gastric 
analysis there were found total acidity of 64, free hydrochloric acid of 36 and 
total quantity of 260 cc Roentgen examination disclosed a perforated ulcer, on 
the lesser curvature, near the pylorus At operation, a gastric ulcer was found 
which had perforated to the pancreas The surgeon believed the ulcer to be 
carcinomatous 

In this case the ulcer had perforated eleven years piior to exami- 
nation at the clinic Emeigency operation had been necessary to suture 
the perforation For ten years thereafter the patient had felt well 
Frequently perforation or brisk hemorihage is followed by complete 
subsidence of dyspepsia or at least by a prolonged interval of freedom 
from symptoms 

Case S — A man, aged 38, for several years had had a sensation of much 
fulness, belching and slight pain coming on from two to three hours after his 
meals He had spit up sour material several hours after eating Fain at times 
had been referred from the epigastrium to the chest and back On gastric analysis, 
total acidity had been found to be 70, free hydrochloric 48 and total quantitj 
150 cc Deformity high on the lesser curvature had been found on roentgen 
examination Operation revealed, high on the lesser curvature, an ulcer which 
was perforating to the pancreas The operating surgeon believed the ulcer was 
malignant 

This patient gave a history that is not unusual in gastric ulcer The 
pain in this instance was referred from the epigastrium upward into 
the chest and through to the back This is usually significant of a 
penetrating lesion The diiection of lefeience of pain may be the same 
whether the lesion is gastric or duodenal The ulcer in this case was 
found to have perforated to the pancreas 

Case 6 — A man, aged 45, came to the clinic complaining of dyspepsia which 
dated back twentv years This is a definite characteristic of ulcer During the last 
month the pain had been more severe Frequent!} it had been referred through 
to the back and had been so severe it had doubled him up He had obtained 
imperfect easing of symptoms b\ taking food or sodium bicarbonate There had 
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been a recent loss in weight of 4 5 Kg A large, perforating gastric ulcer was 
revealed by roentgen examination This, at operation, was thought to ha\e under- 
gone malignant change 

Nothing suggestive of a malignant condition was found in this his- 
tory The symptoms started when the patient was 25 yeais of age 
There were the usual characteristics of ulcer The failure to get perfect 
ease from symptoms after ingestion of food or sodium bicarbonate is 
not unusual in the perforating t3fpes of ulcer The ulcer was laige, and 
it may have been because of this that the diagnosis of malignancy was 
made MacCarty has pointed out that chronic ulcers, whether simple 
or carcinomatous, vary greatly in size, shape and form As a rule, most 
chronic gastric ulcers larger than 2 5 cm m diameter are carcinomatous 
This complication is less frequent in subacute perforating ulcers 

Case 7 — A man, aged 50, had had intermittent d} spepsia for eight years, with 
fewer periods of freedom lateb' Distress had consisted of severe sharp, burning 
epigastric pain which had come on about two hours after meals and which had 
been relieved by the taking of food Occasional vomiting, not of the retention 
type, had occurred He had been severely constipated In six 3 ears he had lost 
18 1 Kg in weight On gastric anah'sis, total acidity was found to be 56, free 
h3'drochloric acid 36 and the total quantit}'^ of gastric contents 185 cc Roentgen 
examination revealed a large perforated ulcer on the lesser curvature, at the middle 
portion of the stomach At operation, a large perforated ulcer was found which 
was thought to be malignant 

Case 8 — A man, aged 44, had had intermittent dyspepsia for nine years Three 
years prior to examination at the clinic he had had an operation for ulcer of the 
stomach He had been better following this, until two and a half months before 
he was seen at the clinic During this two and a half months he had had epigastric 
distress at intervals, and at times severe pain which had been referred through 
to the back, and which had attained maximal intensity from one to one and a half 
hours after meals He had had some headache and dizziness and had been severely 
constipated Roentgen examination revealed a small ulcer high on the lesser curva- 
ture of the stomach At operation a subacute gastric ulcer, probably malignant, was 
found 

Case 9 — A man, aged 54, had had dyspepsia for five 3'ears Sometimes he had 
been comfortable for three or four weeks From one-half to three hours after 
meals he had suffered from burning epigastric pain which had been relieved by 
the taking of food He had not tried sodium bicarbonate He had been nervous, 
had suffered some loss of weight and had been badly constipated A large, per- 
forated gastric ulcer, high on the lesser curv^ature, was evndent by roentgen exami- 
nation At operation a perforating gastric ulcer was found which was too high 
to remove Gastro-enterostomy was performed The lesion looked malignant 

The three preceding cases can be considered collectively because the 
histones and operative observations are similar The symptoms date 
back for from five to eight years and have the usual characteristics of 

7 MacCarty, W C Chronic Ulcer and Carcinoma of the Stomach, Am J 
iM Sc 173 466, 1927 
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ulcer mtermittency, onset of pain late aftei meals and relief from 
the taking of food and sodium bicarbonate In two instances, the ulcer 
was high on the lessei curvature , in the other instance, it was near the 
angle The operating surgeons were of the opinion that the lesions 
were malignant, but specimens were not removed for diagnosis, and the 
data used as criteria of a malignant condition were not stated 

Case 10 — A man, aged 54, had had dj'spepsia for six months, epigastric pain 
one and a half hours after meals and pain which waked him at night He had 
obtained relief by the use of food and sodium bicarbonate In two attacks of 
severe pain in the epigastrium, hypodermic medication had been required After a 
test meal, total acidity of the gastric contents was 54, and free hydrochloric acid, 
34, the quantity of content was 75 cc Roentgen examination disclosed a perforated 
ulcer on the lesser curvature At operation, a large ulcer on the lesser curvature, 
probably malignant, was found 

Case 11 — A man, aged 64, had had dyspepsia dating back ten months There 
had been epigastric pain radiating into the chest, which had been relieved by the 
taking of food and sodium bicarbonate He had suffered from much flatulence 
Rarely, he had vomited sour material There was qualitative food relationship 
Sweets and fats had caused trouble The results of gastric analysis were as fol- 
lows total acidity, 52, free hydrochloric acid, 32, quantity, 70 cc A large, per- 
forated gastric ulcer was revealed by roentgen examination At operation an 
ulcer, probably malignant, was found 

In both of these cases, the history of dyspepsia was short, dating back 
ten months m one instance and six montlis in the other Both patients 
were in the cancer age In one instance, the history had all the charac- 
teristics of a rather severe penetrating type of peptic ulcer The only 
suggestion of a malignant condition lay m the fact that symptoms of 
dyspepsia did not arise until the patient was 54 years of age Too much 
significance should not be placed on the fact that dyspepsia does not 
begin until after the age of 50 It is not particularly unusual for 
symptoms which prove at operation to be due to a benign gastric ulcer 
to arise after that age In case 11, there were symptoms which are 
more suggestive of a malignant condition than of benign ulcer This 
patient had not had trouble with her stomach until the age of 63 There 
was some relief from pain by ingestion of food or sodium bicaibonate 
This is not an uncommon experience of patients with carcinoma There 
was much nausea and some vomiting These symptoms wei e worse after 
the taking of sweets or fats 

Several facts stand out rather prominently after considering this 
group In the first place, onlj’^ one carcinoma was found in 700 cases 
m which the preoperative diagnosis of duodenal ulcer was made In 
the gastric ulcer group, hoAvever, things were different Although carci- 
noma was proved in only one of these cases it was suggested in some 
of the others It is impossible to be absolutely certain preoperatively 
that any gastric ulcer is benign 
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Gj oup 4 — Some of the lesions less commonly associated with ulcer 
111 laparotomies undei taken after a clinical diagnosis of gastric or duo- 
denal ulcei had been made are included in this group The lelative 
fiequency of these lesions was found to be as follows benign tumois, 
0 3 per cent, duodenitis or gastiitis, 0 5 pei cent, diverticula, 0 3 per 
cent , miscellaneous. Lane’s kink, splenitis and calcareous lymph node of 
the jejunum, one case each, 0 3 per cent, cases m which the opposite 
ulcer was found, 0 7 per cent In thi ee cases, benign tumors were 
present 

Case 12 — A woman, aged 30, for eight months prior to admission to the clinic 
had had attacks of severe pain m the upper part of the abdomen which had 
radiated from the epigastrium through to the left shoulder and for relief of 
which hypodermic medication had been necessary Flatulence, nausea and vomit- 
ing had been associated with the pain Attacks usually had come on suddenly, 
had lasted a few hours and had disappeared Five months before coming to tne 
clinic the patient had been operated on for disease of the gallbladder At opera- 
tion, the gallbladder was found to be normal m every way On gastric analysis, 
total acidity was found to be 48, free hydrochloric acid, 28 and the quantity of 
gastric contents, 80 cc A duodenal ulcer was revealed by roentgen examination 
At operation a small ulcer, just below the pylorus on the anterior wall, chronic 
appendicitis, and a large pancreatic cyst adherent to the entire posterior surface of 
the stomach were found The pressure of this large tumor on the posterior wall 
of the stomach can be seen plainly in the roentgenogram that was made before 
the operation 

The symptoms in this case aie not those usually attiibutable to pejJtic 
ulcer The ulcer was probably not the cause of the complaints of the 
patient In this instance, i econsideration of the i oentgenogi am of the 
stomach disclosed the impiint of the tumoi on the posteiior wall of the 
stomach If, in addition to the clinical histoiy, this infoimation had been 
available preoperatively, a correct diagnosis piobably would have been 
possible Unless a fluctuating tumor about the umbilicus is demon- 
strable, however, the diagnosis of a pancreatic cyst is extiemely 
difficult Even when a tumoi is palpable, it may be difficult and fre- 
quently IS impossible to be ceitain that its oiigin is pancreatic Mesen- 
teric cysts, tumors of the kidney or spleen, letropeiitoneal tumois, and 
even ovarian cysts may be so difficult to diffeientiate, that the question 
cannot be settled by means of palpation and the most caiefull} taken 
history Judd® reviewed lecoids of forty-one pancreatic cysts at the 
Mayo Clinic Regarding the complaint legisteied by these patients he 
stated 

The symptoms of the cyst usually are recorded as due to its pressure on 
adjoining organs Pam is nearly always present and m our series of cases vas 
more pronounced than m most of those formerly reported If the tumor becomes 

8 Judd, E S Cysts of the Pancreas, Minnesota Med 4 75, 1921 
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large, it presses on the stomach causing indigestion and ^omltlng Some of our 
patients had severe seizures of vomiting which we attributed to accompanjnng 
pancreatitis rather than to pressure Pressure may be exerted on the diaphragm, 
colon and bile ducts Jaundice is not usually present m these cases Loss of 
weight was considerable in many instances 

Judd furthei pointed out the fiequent lelationship of cholecystitis 
and pancreatic C3fsts 

Case 13 — K man, aged 33, for eleven 3 'ears had had long intervals of mild 
dyspepsia He had the sensation that there was a lump in the stomach, and much 
fulness and bloating The first pain, with characteristics of ulcer, had come on 
four years previous to examination He had obtained ease with food and 
sodium bicarbonate Night pam and melena had appeared two years prior to 
examination The pain was located m the midepigastnc region, and on a few 
occasions had been very acute On gastric analysis, the total acidity was found 
to be 76, and free hydrochloric acid, 56, the quantity of contents recovered was 
120 cc Roentgen examination revealed duodenal ulcer, and operation, m addition 
to the duodenal ulcer, revealed chronic appendicitis and a pedunculated fibroma 
of the jejunum 

In this case the discovery of a pedunculated fibroma of the jejunum 
was unexpected The history was that of ulcei, and there were no 
symptoms which would have led any one to suspect the lesion which was 
found Fibroma of the jejunum is an extremely rare condition These 
tumors may grow into the lumen of the bowel or may push outward 
The tumors which grow inward usually are small, but because of this 
position they may cause intestinal obstruction The fibromas of the 
intestines which extend outward may become very large Grossman® 
reported one arising from the transverse colon that reached the size 
of a man’s head 

Case 14 — A man, aged 39, had had a complaint of the ulcer type for eleven 
>ears Intervals of epigastric pam and tenderness had come on late after meals 
or had waked him at night He had obtained some ease by the use of food and 
sodium bicarbonate He had suffered from much nausea and bloating but not 
from vomiting Gastric analysis revealed total acidity of 68 and free hydro- 
chloric acid, SO, the quantity of stomach contents recovered was 100 cc Roentgen 
examination disclosed a duodenal ulcer At operation, a duodenal ulcer and 
chronic appendicitis were found , a cystic tumor, which grew from the suspensory 
ligament of the liver, was also discovered 

The symptoms in this case were undoubtedly caused by the ulcer 
There was nothing m the history nor m the general examination that 
might have suggested the presence of a cystic tumor which was found 
to have grown from the suspensory ligament 

9 Grossman, Paul Quoted by Reichel, Paul, and Staemmler, Martin Die 
Neubildungen des Darmes, Stuttgart, Ferdinand Enke, 1924, p 258 
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In 700 cases diagnosed as duodenal ulcer, preoperatively, duodenitis 
was found in five and gastritis in one In the 450 cases in which 
operation was performed for gastric ulcei, gastiitis was found only 
once 

Case IS — A man, aged 32, for eighteen months had had intervals of dyspepsia 
lasting from two to three days He described a dull pain in the epigastrium and 
right upper quadrant of the abdomen, associated with nausea and flatulence which 
came on from fifteen to thirty minutes after eating There was a burning sensa- 
tion m the stomach, eructation of gas and vomiting of small amounts of food shortly 
after eating He was severely constipated His symptoms had been gradually 
progressive On gastric analysis, total acidity was found to be 94 and free hydro- 
chloric acid, 74, the total quantity of gastric contents was 120 cc Duodenal ulcer 
was found on roentgen examination At operation, chronic appendicitis and an 
area of duodenitis were discovered The gallbladder was normal 

Case 16 — A man, aged 40, had had dyspepsia for four years, with much 
belching and bloating after meals Cabbage and turnips had caused him trouble 
On two occasions he had had colicky pain m the upper part of the abdomen with 
residual soreness During the year before admission to the clinic, epigastric pain 
had come on two hours after eating and had been relieved by the taking of sodium 
bicarbonate On gastric analysis total acidity was found to be 68 and free hydro- 
chloric acid, 48, the total quantity of gastric contents was 100 cc The rdentgen 
diagnosis was duodenal ulcer Operation revealed chronic appendicitis and an area 
of duodenitis The gallbladder was normal 

Case 17 — A man, aged 37, complained of periodic dull aching m the epigas- 
trium coming on two hours after meals The pain never was severe Occasionally 
there was nausea but no vomiting For several years he had had some anorexia 
and spells of dizziness The blood count was within normal limits Gastiic 
analysis disclosed the following total acidity, 88 and free hydrochloric acid, 76 , 
a total of 80 cc of gastric contents was expressed Duodenal deformity was 
disclosed at roentgen examination The diagnosis was peptic ulcer, and at opera- 
tion extensive duodenitis associated with multiple ulcers and chronic appendicitis 
was found Duodenitis was found in resected tissue 

Case 18 — A woman, aged 62, had stomach trouble that had begun about a year 
previously Two or three hours after meals she experienced an uncomfortable 
sensation of fulness which was relieved somewhat by the taking of sodium bicar- 
bonate She had slight pain just above the umbilicus which seemed “to go through 
her to the back ” Fried foods made her symptoms worse She had had much 
nausea and some vomiting, and she was constipated Gastric analysis revealed 
total acidity of 80 and free hydrochloric acid of 60, the total quantity of stomach 
contents was 70 cc Duodenal deformity was found at roentgen examination The 
diagnosis was duodenal ulcer At operation, a small duodenal ulcer and a con- 
siderable amount of duodenitis were found The appendix gave evidence of 
chronic inflammation 

Case 19 — A man, aged 39, had had stomach trouble at intervals for nine years 
He had pain in the midepigastrium which, late after eating, was severe and at 
times was colicky Distress was frequently referred through to the back, and it 
was relieved by the taking of food and sodium bicarbonate Three >ears before 
he came to the clinic, an ulcer had perforated the w'all and the place had been 
sutured Shortly after this operation dyspepsia of the ulcer type had again 
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de\ eloped At intervals he had had hemorrhages Roentgen examination dis- 
closed duodenal ulcer At operation chronic appendicitis, duodenal ulcer and an 
area oi duodenitis nere found 

In cases 15 and 16, defimteh* punched-out ulcers tteie not found at 
operation Instead, an area of localized inflammation of the duodenum 
was apparent Recenth, one of us (Rners) reviewed a series of 
fift}-one surgical!}’ venfled cases of duodenitis, gastntis and gastro- 
jejunitis It was suggested from this study that these shallow mucosal 
or submucosal lesions can be equal in importance with ulcer A clear- 
cut s}'ndrome charactenshc of duodenitis could not be formulated In a 
general way, the histones suggest ulcer but in more than 50 per cent 
of the cases tliere is a liberal admixture of s}mptoms suggesting chole- 
c} stitis Usuall}' there is nausea flatulence and vomiting, and frequently 
there is distress m tlie upper right quadrant, suggesti\e of a pathologic 
condition of tlie gallbladder In cases 15 and 16, the history is that 
usually assoaated with cholecystitis, 3 et at operation endence of this 
complication was not demonstrable In cases 17, 18 and 19, both ulcer 
and duodenitis were found In case 17, multiple ulcers and extensive 
duodemtis coexisted In this case, the lustory includes some character- 
istics of ulcer, }et it is atypical since there wms much complaint of 
nausea, dizziness and anorexia In cases IS and 19 there were the 
charactenstics usuaU} attributed to peptic ulcer 

C\SE 20 — A man, aged 34, ga\e a historj of djspepsia with characteristics of 
ulcer of ten j ears’ duration He had had pain in the epigastrium two or three 
hours after meals, and frequently he had had pain at night wdnch w^as rehe\ed as 
a rule by food Sodium bicarbonate ga\e relief For the period just before he 
came to the clinic he had belched a great deal After a test meal, total acidity of 
the gastric contents was 50 and free hydrochloric acid, 30, the total quantity of 
gastric contents reco^ ered w as 340 cc. Roentgen examination disclosed an operable 
lesion at the pylorus A diagnosis of pyloric lesion, probably duodenal ulcer, 
was made At operation, marked thickening of the pylorus was found About 
2 cm abo\e tins there was the crater of an ulcer By microscopic examination, 
marked gastritis about tlie pylorus was demonstrable 

CxsE 21 — A woman, aged 47, for two years had had periodic attacks of 
nervousness and dyspepsia with much gas and nausea and some heartburn These 
symptoms were somewhat worse after sausage and fried food had been eaten On 
gastric analysis total acidity was 40 and free hydrochloric acid, 26, the total 
quantitv of gastric contents was 200 cc Roentgen examination disclosed a small 
ulcer on the lesser curvature near the pylorus At operation, gastric ulcer was 
found An excised portion of the stomach had the cliaract eristics of chronic 
inflammatory tissue (gastritis’! 


10 Rivers, A B A Consideration of Certain Etiologic Factors and Clinical 
Manifestabons of Inflammatory Lesions of the Stomach Over Duodenum, unpub- 
lished data 
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In case 20, the history is chaiacteristic of nkei, and it covers a 
peiiod of ten years The lecent development of some pyloric obstruction 
probably v^as responsible for the belching and bloating which became 
tioublesome seveial months before operation The obstruction in this 
instance was due to the inflammatory process extending to the pylorus 
and producing pyloritis The roentgen appeal ance of the lesion had 
some characteristics of a malignant condition In case 21, the history 
has more of the chaiactenstics usually attributed to ulcer The roentgen 
disclosuie of a niche neai the pyloius influenced the clinician in advising 
suigical measures The symptoms of gastritis aie extiemely indefinite, 
nausea, vomiting, belching and aggravation of symptoms by certain 
types of food are the more frequent complaints Pam usually is not 
seveie In our series, opeiation usually was advised because roentgen 
examination revealed deformities suggesting gastric ulcer or carcinoma 

In 0 37 per cent of patients operated on for peptic ulcer, a diverticu- 
lum of the small intestine also was found Meckehs diverticulum was 
discoveied twice, and on two occasions the diverticulum was found in 
the duodenum In all of these cases, a pieoperative diagnosis of duo- 
denal ulcer had been made 

Case 22 — A man, aged 41, entered the clinic because of periodic attacks of 
cramping epigastric pains associated with nausea and vomiting He had been 
troubled in this way for twenty years Attacks usually had continued for five or 
SIX days At times, the pain had been severe Occasionally he had had pain also 
m the lower right quadrant of the abdomen Gastric analysis disclosed total acidity 
of 102 and free hydrochloric acid, 82, the total quantity of gastric contents 
recovered was 100 cc A duodenal ulcer was found on roentgen examination At 
operation, perforating duodenal ulcer and chronic appendicitis were found In the 
ileum, about 183 cm from the ileocecal valve, there was a Meckel’s diverticulum 

Case 23 — A man, aged 35, had suffered from intervals of distress in the 
upper portion of the abdomen for seven years He had had pain m the epigas- 
trium and upper right quadrant which had waked him at night or which had 
come on from three to four hours after meals There had been some belching, 
bloating and vomiting, which sodium bicarbonate or food usually relieved He 
had been getting progressively Avorse for six months with more pain and shorter 
intervals of relief from symptoms After a test meal, total acidity was 40 and 
free hydrochloric acid, 26, the total quantity of gastric contents Avas 180 cc 
Roentgen examination revealed duodenal ulcer At operation, subacute duodenal 
ulcer, chronic appendicitis and a Meckel’s diverticulum Avere found 

In case 22, the diverticulum was found about 183 cm from the 
ileocecal valve It is unusual to find a Meckel’s diverticulum further 
than 91 4 cm from the ileocecal juncture In all probability, the 
diverticulum in the cases cited in this paper had nothing to do Avith the 
symptoms Occasionally a Meckel’s diverticulum causes serious compli- 
cations , acute inflammation Avith perforation may result , intussusception 
may originate in a Meckel’s diverticulum, and occasionally it may cause 
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intestinal obstruction by kinking the bouel After stud 3 ung a senes of 
such cases, Balfour stated 

jMeckel’s diverticulum and ith associated conditions should be borne in mind in 
obscure mflammator} processes of the lower abdomen , and especially in those 
cases of supposed acute appendicitis in which the appendix does not appear to be 
sufficientlj' involved to explain the symptoms, the ileum should be explored for a 
possibly acutely inflamed Meckel’s diverticulum 

Case 24 — A man, aged 48, gave a historj'^ that dated back twenty-seven years 
The S 3 "mptoms were characteristic of peptic ulcer The pain was referred through 
to the back Sj^mptoms were worse after eating acid food or fats Estimation of 
gastric aciditj disclosed h 3 'perchlorh 3 dria A duodenal deformit 3 ' was noted b 3 
the roentgenologist At operation, tw'o duodenal ulcers and a duodenal diverticu- 
lum were found , the low^er side of the diverticulum was attached to the pylorus 
Chronic appendicitis also w'as found 

Case 25 — A man, aged 45, for about nineteen 3 fears 'had had intervals of 
d^spepsla two or three hours after meals and there had been burning pain in the 
epigastrium, wdiich was prompt^ relieved by the taking of food or sodium bicar- 
bonate Frequentlv he had been aw’akened at night by pain m the epigastrium 
Brief periods of dieting had given relief for prolonged periods There had been 
much belching and bloating during the attacks of pain Gastric analysis revealed 
total acidit 3 ' of 54 and free h 3 drochloric acid, 40, the total quantity of gastric 
contents was 50 cc A duodenal ulcer w'as disclosed at roentgen examination 
Lesions found at operation w'ere as follow's duodenal ulcer with considerable 
contraction, dilation of the stomach, chronic appendicitis and a diverticulum 2 cm 
long on the inferior margin of the duodenum 

The duodenal diverticula discovered in these cases piobably in no 
wa} influenced the symptoms, which weie quite characteristic of ulcer 
m both cases ^^'e know of no syndrome or complaint regularly 
attributable to the piesence of diverticula which would aid in diagnosing 
this condition Duodenal diverticula usually can be divided into two 
t}pes, developmental and acquired Diverticula of the developmental 
t}pe piobably form at weak points in the bo3vel They are situated 
within a radius of 3 cm of the ampulla of Vater and usually are found 
incidentally at neciopsy In a series of cases reviewed at the clinic, 
apparently none of the developmental divei ticula gave rise to symptoms 
Nagel studied nineteen cases of acquired duodenal diverticula These 
w ere all m the first portion of the duodenum 

Three were found associated with gallbladder disease, m twm of which the 
dnerticulum appeared to have formed as a result of closure of a fistulous tract 
between the tw'o organs In one of the patients, gallstones were present in the 
diverticulum Two dnerticula were in patients operated on for chronic appen- 

11 Balfour, D C kleckel’s Diverticulum A Report of Fifteen Cases, 
Journal-Lancet 31 110, 1911 

12 Nagel, G W Unusual Conditions m the Duodenum and their Significance 
Membranous Obstruction of the Lumen, Diverticula and Carcinoma, Arch 
Surg 11 529 (Oct) 1925 
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dicitis and in whom the traction of adhesions around the duodenum were probably 
the factors producing the diverticula The fourteen remaining were definitely 
associated with duodenal ulcer The majority form just beyond the pylorus in 
the antero-mferior poition of the duodenum All coats of the bowel are included 
in their walls and they are not due to a perforation of the base of an ulcer and 
resulting formation of a false pouch, but are formed by the contraction of scar 
tissue and pressure from within the bowel 

As miscellaneous cases, we have included one each of Lane’s kink, 
splenitis and calcaieous lymph node of the jejunum These 
complications were found duiing laparotomy for gastric ulcei 

Case 26 — A man, aged 39, entered the clinic because of chronic constipation 
Occasionally there was nausea shortly after eating There was an uncomfortable 
sensation of fulness in the upper part of the abdomen but no pain The symptoms 
were mild and did not incapacitate the patient for his work Gastric analysis 
disclosed total acidity of 40 and free hydrochloric acid of 20, 180 cc of gastric 
contents were recovered A gastric ulcer, with some retention, was recognized at 
roentgen examination At operation, in addition to gastric ulcer and chronic 
appendicitis, a Lane’s kink was found 

There is no information m this history which would lead one to 
suspect that this patient might have gastric ulcei, chronic appendicitis 
and Lane’s kink In fact, all the complaints easily could have been 
caused by the chronic constipation It might be assumed that the Lane’s 
kink, a developmental condition resulting from fixation by bands of the 
teiminal 91 cm of the ileum, was responsible foi the symptoms 

Foi seveial yeais, consideiable impoitance was attached to the 
presence of Lane’s kink in the ileum Various operations were devised 
and performed to hbeiate or circumvent the alleged obstruction caused 
by this condition, and although a few patients probably were improved 
m condition, many more were no better, and not a few were decidedly 
worse after such surgical procedures 

Case 27 — A woman, aged 40, gave a historj^ of intermittent stomach trouble 
of seven years’ duration At intervals, the pain had become sharp, had been 
refeired from the epigastrium to the back and occasionally had extended upward 
to the left shoulder The distress usually had come on about an hour after meals, 
and the taking of more food had relieved it temporarily She had been com- 
fortable on a milk diet Migraine and constipation had been associated with the 
other symptoms She had lost 18 1 Kg in four years Gastric analysis revealed 
total acidity of 40 and free hydrochloric acid, 32, 160 cc of gastric contents w'ere 
recovered Results of a roentgen examination were negative A diagnosis of 
peptic ulcer was made At operation a gastric ulcer and chronic appendicitis were 
found A degenerating calcareous lymph node was removed from the mesenter 3 
of the jejunum 

The histor}^ in this case piesents the usual characteristics of ulcer 
The degenerating calcareous lymph node which was found on the 
jejunal mesentery is not of particular clinical significance 
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Case 28 — A man, aged 43, began having dyspepsia eighteen years prior to Ins 
examination at the clinic He described intermittent pain situated about the 
umbilicus, coming on two or three hours after eating Food relieved the pain 
Early in the history he had had gastric hemorrhages on two occasions The symp- 
toms, after persisting for ten months, had disappeared, and the patient had 
remained well for fifteen years Three years, and again one year, before coming 
to the clinic he had had a brief period of recurrent trouble During the two 
months prior to his visit to the clinic, he had had daily pain in the epigastrium, 
which had come on two or three hours after eating and which had been relieved 
by taking sodium bicarbonate He had been markedly constipated Roentgen 
examination revealed gastric and duodenal deformities Estimation of gastric 
acidity disclosed slight hyperchlorhydria At operation perforated gastric ulcer, 
chronic duodenal ulcer, chronic pancreatitis, chronic splenitis and chronic appen- 
dicitis were found Partial gastrectomy, splenectomy and appendectomy were 
performed Convalescence was uneventful 

The history in this case was characteristic of ulcer and included 
hemorihages Whenever the operating suigeon is not entirely certain 
that bleeding comes from a definitely active ulcer, a thorough search 
for extragastric causes for it is obligatory In this case, splenitis was 
discovered and the spleen was removed, thus possibly avoiding a subse- 
quent operation The spleen may be instrumental m several ways in 
the production of gastro-mtestinal hemorrhage (1) in a mechanical 
way, by causing venous engorgement of the mucous membrane of the 
stomach secondary to thrombophlebitis of the splenic veins, and (2) 
by serving as a focus in activating hepatic cirrhosis, which in turn, of 
course, is a frequent cause of bleeding from the stomach 

In going over the records of the 1,075 cases included in this senes, it 
may be noted that seven patients with a preoperative diagnosis of 
duodenal ulcer were found at operation to have ulcers only in the 
stomach 

Case 29 — A man, aged 39, gave a good history of ulcer of three years’ dura- 
tion He complained of pain m the epigastrium and m the upper left quadrant and 
reported relief from the taking of food and sodium bicarbonate Shortly before 
he came to the clinic he had vomited large amounts of watery material After a 
test meal, total acidity was 84 and free hydrochloric acid, 60 , the total quantity of 
gastric contents recovered was 130 cc Results of roentgen examination of the 
stomach were negative A diagnosis of duodenal ulcer was ventured At opera- 
tion, chronic appendicitis and a chronic gastric ulcer, 5 cm above the pylorus, 
were found 

Case 30 — A man, aged 36, gave a history of having had, for seven years, 
dyspepsia of a type suggestive of ulcer This included epigastric pain which came 
on one and a half to two hours after meals, and which radiated through to the 
back Taking of food and of sodium bicarbonate relieved this pain He had had 
some pain at night Inadequate relief had been obtained from the type of diet 
employed for ulcer Gastric analysis revealed total acidity of 80 and free hydro- 
chloric acid of 60, the total quantity of gastric contents recovered was 300 cc 
The gastric contents contained undigested remnants of food Diagnosis by 
roentgen methods was indeterminate A diagnosis of duodenal ulcer was made 
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At operation, a gastric ulcer and chronic appendicitis were found The ulcer was 
situated on the lesser curvature about one third of the way from the pylorus to the 
cardia 

Case 31 A man, aged 55, complained of distress which was characteristic of 

ulcer and which had troubled him over a period of six years At first, there 
had been prolonged periods of freedom from symptoms, but later the distress had 
occurred daily During the j-’ear prior to examination at the clinic, he had had 
much flatulence but no vomiting After a test meal, the total acidity was 80 and 
the free hydrochloric acid, 60 , 250 cc of gastric contents were recovered Roent- 
genographically, a lesion was evident in the pyloric ring A diagnosis was made 
of pyloric obstruction, probably caused by duodenal ulcer At operation, a sub- 
acute gastric ulcer was found 3 cm above the pylorus Microscopic study of the 
tissue showed a simple gastric ulcer 

Case 32 — ^A man, aged 55, had had dyspepsia for fourteen years In the 
history were the usual characteristics of ulcer at first, prolonged periods of free- 
dom from distress , more recently, almost daily trouble The pain never had been 
very severe, and food usually had relieved him temporarily A perforated duodenal 
ulcer was found at roentgen examination At operation, a perforating gastric 
ulcer was found near the pylorus , it did not appear to be malignant 

Case 33 — A man, aged 56, had had dyspepsia for nine years Nausea had 
come on two hours after eating More recently he had had much gas and bloating 
one and a half hours after meals, and occasionally he had vomited He had 
obtained relief after taking food or sodium bicarbonate He had not suffered 
much pain After a test meal there was total acidity of 70 and free hydrochloric 
acid of 52, 120 cc of gastric contents were recovered A duodenal deformity was 
evident on roentgen examination At operation, a gastric ulcer was found 3 cm 
from the pylorus , the stomach was dilated , hepatitis and chronic appendicitis also 
were found , the gallbladder was normal 

Case 34 — A man, aged 42, had had dyspepsia at intervals for eight years 
Epigastric pain usually had come on two hours after meals although it might 
occur while he was eating Sodium bicarbonate had no effect on it When pain 
was at its maximum, he had become nauseated and at times had vomited After a 
test meal, total acidity was 76 and free hydrochloric acid, 60, 305 cc of gastric 
contents were recovered Roentgen examination disclosed duodenal deformity 
At operation, the patient was found to have subacute appendicitis and a gastric 
ulcer in the median portion of the lesser curvature 

Case 35 — A woman, aged 52, had had dyspepsia for two years with anorexia, 
nausea shortly after meals, vomiting and constipation There had been no pain 
After a test meal, total acidity was 60 and free hydrochloric acid, 42 , 350 cc of 
gastric contents were recovered A duodenal deformity was found on roentgen 
examination At operation gastric ulcer was found, with much inflammation 
extending to the pjdorus and duodenum 

In these cases, 29 to 35, theie were definite characteristics of ulcer in 
the history In case 29 a deformity was not found by roentgen exam- 
ination in eithei the stomach or duodenum In case 30, the roentgen 
diagnosis was indeteiminate These histones were characteristic of 
ulcei, and the estimation of gastiic acidity revealed hyperchlorhydria 
From the data available, the clinician was not justified in making a 
more specific diagnosis than peptic ulcei In case 31, the diagnosis of 
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carcinoma was not excluded It has been pointed out by many observers 
that it IS impossible from the history alone to differentiate gastric and 
duodenal ulcer The clinician, in these instances, probably was influ- 
enced in making the diagnosis of duodenal nicer for no other reason 
than that by surgical methods it has been proved to be far more common 
than gastiic ulcer In cases 31, 33 and 34, the histones were excellent 
examples of those found when peptic lesions are present, and the 
1 oentgenologists made diagnoses of duodenal ulcer This should have 
been sufficient evidence to warrant the clinicians’ diagnosis of duodenal 
ulcer Carman,’^® in discussing the accuracy of roentgen diagnosis, stated 
that in a series reviewed by him roentgen diagnosis was coirect in cases 
of peptic ulcer m 98 21 per cent, wheieas m the localization of ulcer it 
was coirect in more than 95 per cent 

It IS difficult to distinguish any feature suggesting peptic ulcer, clin- 
ically, m case 35 In view of the extensive inflammatoiy leaction 
involving the pylorus and duodenum, it is not difficult to undei stand why 
a loentgenologic error was made in this case In a paper dealing with 
the limitations of roentgenologic diagnosis, Carman wrote “Lesions 
neai the pyloius are often lacking m differential signs and it may be 
impossible to determine whether the distoition of the pyloric region is 
due to a small carcinoma, a gastric ulcei , a duodenal ulcer with extensive 
adhesions or a syphilitic lesion ” 

The eiiois in diagnosis illustiated in this group are not of any gieat 
significance These cases weie analyzed separately because we wanted 
to know not only what the operative data were when the major lesion 
seemed pi eoperatively to be either gastric or duodenal ulcei, but also 
whether these histones contained evidence which should have made 
clinicians suspect the conditions which remained undiagnosed 

SUMMARY AND CONCLUSIONS 

1 The lesions found in association with ulcer when this has been 
considered the condition of major importance have been studied, and 
then relative frequency has been outlined graphically in figure 1 

2 More careful evaluation of symptoms and painstaking general 
examination of the patient undoubtedly would be followed by greater 
accuracy in diagnosis Associated acute or subacute appendicitis should, 
undei these conditions, be recognized much more frequently That 
greater accuracy in diagnosis would benefit the patient seems hardly 
questionable The better we understand all the factors influencing the 

13 Carman, R D The Roentgen Diagnosis and Localization of Peptic Ulcer, 
California State J Med 18 377, 1920 

14 Carman, R D Limitations of Roentgenologic Diagnosis, New York State 
J ]\Ied 22 302, 1922 
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symptoms under consideration, the more intelligently suitable measures 
for relief can be instituted 

3 In discussing the advisability of adopting surgical methods in the 
treatment of patients with peptic ulcer because of the probability of 
finding associated lesions of importance, one must make distinctions, 
for this reason, it is obligatory to consider gastric and duodenal ulcer 
separately 

Analysis of chart 2, which includes only those cases diagnosed as 
instances of duodenal ulcer, shows that in but a single instance was a 
malignant condition found as a complicating lesion The patient had 
pyloric obstruction, obviously a complication, and for treatment surgical 
procedures would without question be advised 

The associated observation of chionic appendicitis should not be 
consideied of great importance because it is extremely doubtful that 
the presence of this complication was in any way contributory to the 
symptoms fiom which these patients sought relief 

The finding of acute or subacute appendicitis is undoubtedly of 
definite importance That occasionally acute appendicitis may be masked 
by complicating ulcer, so that its presence will remain unsuspected, seems 
possible It seems, however, that this complication usually would present 
featuies sufficiently definite to be indicative of its presence and that 
failure to find it is likely to be due to remiss methods of diagnosis or 
inattention to details by the examining clinician or surgeon 

Rare complications, such as gastric ulcer associated with diverticula 
in the ileum or duodenum and with benign tumors, are not of paramount 
importance, and it would seem, theiefore, that one is hardly justified 
in allowing the probability of finding important associated disease to 
exert any influence in deciding on the advisability of adopting surgical 
measuies for ulcers, when otherwise a medical regimen might be the 
treatment of choice 

With gastric ulcers, however, the probability of finding serious com- 
plications IS a little greater There is always the disquieting possibility 
that the ulcei undei consideration is malignant In 2 1 per cent of these 
cases, the surgeon found lesions with some characteristics of malignancy 
Since theie was no pieoperative suggestion by clinicians that the lesion 
might be malignant, this seems of greater significance than otherwise In 
about 50 per cent of the histones in this gioup one can find evidence 
which should have made the clinician suspicious of carcinoma In some 
cases, the suigeon’s assumption that a malignant condition was present 
probably was made on insufficient evidence, because a few of these 
patients are living and apparently are in good health despite the fact 
that the lesions were not removed at the time of the operation 

The fact remains, however, that we do not have criteria which can 
be lehed on to reassure us that any gastric ulcer is not potentially 
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malignant This fact cannot be ignored when the advisabiht}^ of various 
types of treatment for gastric ulcer is under consideration 

4 Consideration of rare complications of peptic ulcer which were not 
diagnosed preoperatively disclosed five cases complicated by duodenitis 
or gastritis , two by Meckel’s diverticulum , two by duodenal diverticu- 
lum, and one each by Lane’s kink, splenitis, calcaieous lymph node of 
the jejunum, pancreatic cyst, fibroma of the jejunum and cyst of the 
suspensory ligament of the liver In seven instances, in which duodenal 
ulcer was diagnosed, gastric ulcers only were found at operation Great 
significance should not be attached to the finding of most of these 
lesions There was no pathologic featuie of great importance in this 
entire group except for the cases of splenitis and pancreatic cyst It 
seems unlikely that the most careful evaluation of symptoms and 
objective observations would have sufficed to make an accurate diagnosis 
in most of these cases 

5 When at least the moie frequent of the lesions associated with 
peptic ulcer are borne m mind, the probability of accurate diagnosis 
should be increased This added efficiency would make the clinician 
increasingly authoritative in his opinions regaiding the advisability of 
various therapeutic procedures 



THE PITUITARY GLAND AND THE SUPRA- 
RENAL CORTEX-^ 

ROBERT C MOEHLIG, AI D 

DETROIT 

The pituitaiy gland is functionally i elated to the suprarenal cortex, 
and this relationship can be understood from embr} ologic considerations 
There can be no question but that glandular intei relationships have made 
It difficult to understand many problems in endocrmolog}’ As Hoskins ^ 
has shown, there are almost innumerable combinations possible between 
the endocrine glands It is, therefore, witlr some hesitancy tliat a dis- 
cussion IS undertaken to point out a particular correlation The explana- 
tion to be offered finds its strength in its agreement with the known 
clinical, pathologic and experimental facts, and is based on sound funda- 
mentals of embrjology 

Aplastic states of tlie pituitary gland are concomitant with aplasia 
of the suprarenal cortex and, conversety, h}perplasia of the pituitar}'' 
gland results in hyperplasia of the suprarenal cortex 

From the clinical side, the best examples of the aplastic and deformed 
pituitar}’- are found in anencephalic fetuses Hemicephaly, ox}^cephaly 
and other developmental defects are accompanied at times by develop- 
mental defects of the pituitar}’- gland 

Ballant}'ne ^ described forty-five anencephalic fetuses and stated that 
the pituitary gland rarely was present Schwalbe,^ Haberfeld^ and 
Wrete,- on the other hand, found that tlie pituitary gland was present 

Maukscli ® found that the gland was present but abnormal , in some 
cases It consisted of only two lobes Browne^ found no trace of a 
pituitary gland in five anencephalic fetuses Covell ® studied thirty’--two 
anencephalic fetuses and concluded that the pituitary is extremely varia- 
ble in weight, being less than normal , the pars nervosa is laclcing in the 
majority of cases, the pars intermedia is variable as to botli occurrence 

* Submitted for publication, Alarch 10, 1929 
From the Department of Internal Medicine, Harper Hospital Detroit 

1 Hoskins, R G Recent Work on Internal Secretions, Endocrinology’- 6 621 
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2 Cited by Coyell (footnote 5) 

3 Alaukscli Das Verlialten der Hypophyse und des Canalis Craniophary n- 
geus 111 neun Fallen yon Kranioschisis untersucht, Anat Anz 54 248, 1921 

4 Broyyne F J The Anencephalic Syndrome in Its Relation to Apituitar- 
ism, Edinburgh AI J 25:296, 1920 

5 Coyell, W P Quantitatn e Studj of Hypophysis of Human Anencephalic 
Fetus Am J Path 3 17 (Jan ) 1927 
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and volume Kraus ® found that the most frequent developmental anom- 
alies of the pituitary gland are seen in anencephalus, with the posterior 
lobe frequently absent Barlow ^ also found apituitarism m anencephalic 
fetuses Kiyono,® studying the pathologic anatomy of the endocrine 
glands in anencephalus, found striking pituitary defects Pituitary 
defects aie, therefore, a frequent observation m anencephalus 

It has long been known that aplastic states of the suprarenal cortex 
accompany ceiebial defects, such as anencephalus and acrania, as well 
as some forms of hydrocephalus Several authors hold the opinion that 
the defect of the supraienal cortex is responsible for defect of the brain 
(Alexander ®), whereas others believe that the ceiebral defect is respon- 
sible for the supiarenal condition (Weigert,® Kern,® Myers,® Landau,® 
Kohn,® etc ) M)fers ® has disproved the theory that the suprarenal cortex 
is responsible for the cerebral defect He showed that there is no 
developmental defect of the supraienal cortex m anencephalic fetuses 
before the fifth month 

Among older writei s, Zander and W eigert ® made the singular 
observation that the supraienal coitex is aplastic only when the ante- 
rior poition of the brain is involved in anencephalus One may accept 
the statement from the piesent knowledge of the facts that the anterioi 
cerebral defects have involved the pituitary gland through its anatomic 
location 

In all these cases of ceiebral defect only the suprarenal cortex is 
involved, whereas the medullary portion of the suprarenal is normal 

In some cases (Landau®), the suprarenal cortex was entirely miss- 
ing According to Dietiich and Siegmund,^’- there is no regular paral- 
lelism between the degiee of the cerebral defect and that of the defect 
of the suprarenal cortex, and theie is no clear explanation Certainly, 
one must modify one’s views to the opinion that the degiee of defect 
of the suprarenal cortex is dependent on the degree of involvement of 
the pituitaiy gland and not related to the cerebral defect per se 

Kohn has recently taken the a lew that the pituitary gland is the 
responsible factor for the defect of the suprarenal cortex From his 

6 Kraus, E J In Handbuch der speziellen pathologischen Anatomic und 
Histologic, Berlin, Julius Springer, 1926, vol 8, p 810 

7 Barlow, D L Apituitarism and the Anencephalic Syndrome, Brit M J 
1 15, 1923 

8 Ki 3 ono Pathologische Anatomic der endokrme Organen bei Anenze- 
phalie, Virchovs Arch f path Anat 257 441, 1925 

9 Cited bj Dietrich and Siegmund (footnote 11) 

10 Zander, R Ueber functionelle und kmetische Beziehungen der Neben- 
nieren zu anderen Organen, speziell zum Grosshirn, Beitr z Physiol 7 489, 1890 

11 Dietrich, R, and Siegmund, J, in Handbuch der speziellen pathologischen 
Anatomic und Histologic, 1926, p 951 

12 Kohn, A Anenzephahe und der Nebennieren, Arch f Entwcklngsmechn 
d Organ 102 113, 1924 
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histologic studies of anencephalic fetuses, he noted that the epithelial 
poitioii of the pituitary gland was involved, there being seal city of 
oxyphil and large basophil cells Defects were noted in the infundibu- 
lum and pais neivosa He based his opinion concerning the relationship 
of the pituitaiy gland and the supiarenal cortex on the well known clin- 
ical examples of pituitaiy atiophy (such as seen in pituitaiy dwaifisni) 
with concomitant atiophy of the supraienal coitex He, therefore, 
placed the pnniaiy i esponsibility on the pituitaiy gland 

Fuithei clinical pi oof of this lelationship is furnished by cases of 
hypopituitaiism, such as dystiophia adiposogenitalis, in which the pitu- 
itary distui bailee is accompanied by vaiious degrees of atiophy and 
aplasia of the supiaienal coitex Postmortem studies of these cases 
have shown atiophy of the supiaienal cortex (Falta,^® Kraus, ° and 
otheis) Dietiich and Siegniuiid^^ called attention to the well known 
association of atrophy of the pituitary gland and of the supraienal 
coi tex 

Expel iniental proof of the idle of the pituitaiy gland m atiophy of 
the supiaienal coitex has also been piovided Smith, by hypophysec- 
tomy 111 the lat, pioduced a hypoplasia of the supiarenal cortex The 
coitex IS sensibly reduced m volume The medulla is slightly if any 
altered Landau'* found the supiaienal coitex to be of this type m 
anencephalus 

Askoh and Legnani found hemoirhages m the supiarenal coitex 
and an alteied fat content aftei hypophyseal extiipation expeiiments 

Reichert lepoited that the supiaienal glands of his puppies on 
which hypophysectomy had been perfoimed weie smallei than those of 
the contiols 

The level se pictuie has also been demonstiated Falta,^® in defining 
aclomegal}^ says (m italics) that one finds apparently “frequentl}'^ l^pei- 
plasia of the supiaienal coitex ” Fischer found enoimous supiarenal 
glands, the enlaigemeiit especially affecting the cortex Fischei and 
Schultze found enlargement of the supiarenal glands in two cases of 
aciomegaly, in one of which the glands weie at least five times the 

13 Falta William The Ductless Glandular Diseases, Philadelphia, P 
Blakiston’s Son «Sr Company, ed 2, 1916, p 235 

14 Smith, P E Disabilities Caused by H 3 ’'pophysectom 5 '^ and Their Repair , 
Tuberal (Hvpothalmic) Syndrome in Rat, J A M A 88 158 (Jan IS) 1927 

15 Askoh and Legnani, cited by Kraus (footnote 6) 

16 Reichert, F The Results of Replacement Therapy in an Hj^popltysec- 
tomized Puppj, 12 451 (Julj'-Aug) 1928 

17 Fischer, B Hypophyse und Akromegahe, Frankfurt Ztschr f Path 
11 130, 1912 

18 Fischer B , and Schultze, F Zur Lehre von der Akromegahe und Osteo- 
arthopathie hi pertrophiantiante, Mitt a d Grenzgeb d Med u Chir 24 607, 



342 


ARCHIVES OF INTERNAL MEDICINE 


normal size Bassoe said that the suprarenal glands have often been 
found enlarged at necropsy He quoted Amsler, Ausch, Eltester and 
Schroeder, Mullaly, Horbitz and others as saying that large suprarenal 
glands are found in acromegaly 

It has been shown that acromegaly is associated at times with tumors 
of the suprarenal cortex 

According to Kraus,® the hypertrophy of the suprarenal glands is 
due to hyperplasia of the pituitary eosinophil cells, whereas hypoplasia 
of these cells produces atrophy of the suprarenal glands 

Hofstatter was able to produce hypertrophy of the suprarenal cor- 
tex b}'^ injections of posterior lobe extract He used rabbits for his 
experiments, and the changes were noticeable around the thirtieth day 

In analyzing the data submitted, one is foiced to the conclusion that 
pitmtaiy disturbances affect the suprarenal cortex and not the supra- 
lenal medulla 

The explanation of these correlations can be found m an analysis of 
the embryologic relationships I have shown elsewhere that the pitu- 
itary gland has a selective action on mesenchymal tissues 

Attention is called to the fact that the suprarenal cortex is a mesen- 
chymal tissue in contrast to the suprarenal medulla, which is an ecto- 
dermal tissue ^ 

Some of the relationships between the pituitary and mesenchymal 
tissues are obvious and need not be discussed No emphasis is needed, 
for instance, to show the relationship of the pituitary gland to bone and 
cartilage Its relationship to fat metabolism is also undisputed and 
while its exact modus operandi is still unknown, nevertheless it has a 
definite place in fat metabolism It is a natural sequence of thought 
that, if the suprarenal cortex reflects the state of the pituitary gland, the 
cholesteiol metabolism would be involved A discussion of this relation- 
ship must be left for the future, hut the importance is obvious 

The selective action of the posteiior pituitary extract when injected 
hypodermically is exerted on three mesenchymal tissues, it produces a 
contraction of the blood vessels, contraction of smooth muscle, such as 
that of the bladder and intestine, and a varying effect (diuresis or anti- 

19 Bassoe, P Acromegaly, Endocrinology and Metabolism, New York, D 
Appleton & Company, 1922, vol 1, p 809 

20 Hofstatter, R Ueber Befunde bei hyperhypophj’-sierten Tieren, Monatschr 
f Geburtsh u Gynak 19 387, 1919 

21 Moehlig, R Embryohormonic Relations of Pituitary Gland to Mesen- 
chymal Tissues, Ann Int Med 1 563 (Feb) 1928, Embryohormonic Relations 
of the Suprarenal Cortex; to Mesothehal Tissues, ibid 1 563, 1928, Selective 
Action of the Suprarenal Cortex Secretion on Mesothehal Tissues, Am J M Sc 
168 553, 1924 Moehlig, R , and Ainslee, H B Pituitary Gland and Cholesterol 
Metabolism, Ann Clin Aled 5 772, 1927 
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diuresis) on the lenal cells Other articles have gone into moie 
detailed discussion concerning this selective action 

It was also shown that the suprarenal cortex has a selective action 
on a specialized part of the mesoderm, the mesothelium from which the 
sex glands and skeletal musculatuie are derived On the basis that with 
involvement of the pituitaiy gland there is a concomitant involvement 
of the supraienal coitex, these mesothelial tissues must also be consid- 
ei ed to share in the symptomatology and pathology This is, of course, 
a well known clinical fact, illustrated by many clinical examples, such 
as dystrophia adiposogenitahs with the involvement of the sex gland and 
muscular fatigue In the anencephalic fetuses with pituitary anomalies, 
one should see the symptoms of apituitarism with the involvement of 
the mesenchymal tissue The Bnhsh Medical Jow'nal/^ in a comment 
on Biowne’s woik with anencephalic fetuses, states that the most rigor- 
ous search on the basis crami of his anencephalic fetuses revealed abso- 
lutely no trace of a pituitary gland The syndrome with obesity, 
hypoplasia of the supiarenal glands and genital organs and stunted 
growth of body and limbs, agrees m the mam with features of the condi- 
tion called apituitarism 

It IS to be noted that the embryohormonic relations of the pituitary 
to mesenchymal tissues, will explain the involvement of the suprarenal 
cortex 

SUMMARY 

Anencephalus is accompanied by pituitary anomalies The degree 
of anomaly varies in diffeient cases, being greatest m anterior cerebral 
defects The supiarenal cortex reflects the state of the pituitary gland 
and IS always hypoplastic when the pituitary is involved in anencephalus 
Hyperplasia of the pituitary gland results m hyperplasia of the supra- 
lenal coitex 

The view that cerebial defects are responsible for aplasia of the 
supraienal cortex must be modified to the view that the pituitary gland 
IS the responsible factoi 

It IS to be emphasized that only the suprarenal cortex and not the 
medulla is involved in these pituitary anomalies, and the same holds true 
for experimental hypophysectomy 

The embiyohonnonic relation of the pituitary to mesenchymal tissues 
gives a deal cut explanation of this singular involvement 

The importance of the relation of the pituitaiy gland to the supra- 
renal coitex is readily realized when cholesterol metabolism is consid- 
ered Many related pioblems can be studied with a newer and better 
foundation 


22 Editorial, Brit M I 2 828, 1920 
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In previous work,^ raw starch was administered by mouth to rabbits 
as a means of studying pancreatic function and upper intestinal diges- 
tion In these animals, a rise in blood sugar was uniformly produced, 
the aveiage rise in the labbits amounted to 62 mg per bundled cubic 
centimeters This elevation of blood sugar is dependent on the libera- 
tion of dextrose from the starch molecule, and the hyperglycemia was 
shown to afford a means of estimating the activity of pancreatic diastase, 
on the one hand, and under conditions in which diastatic ferments are 
normally present, a means of studying other factois which influence the 
rate of digestion of starch in the ahmentaiy canal 

The Effect of 2 Gm of Raw Starch Pei Kttogiain of Body Weight on the Blood 
Sugar of Normal Dogs (Admtmstei ed by Stomach Tube 
m 200 Cc of W ate) ) 


Blood Sugar, Mg per 100 Cc 

A - - - - - 




After 

After 

After 



One-Half 

One 

Three 


Before 

Hour 

Hour 

Hours 

Dog, 15 Kg , 30 Gm raw starch 

50 097 

0185 

0131 

0121 


to 105 

0140 

0150 

0117 

Dog, 11 4 Kg , 23 Gm Starch 

OOS9 

0138 

0143 

0115 


Approximately 5 Gm of starch per kilogram of body weight was 
used in rabbits Thiee tests were perfoimed on dogs to which 2 Gm 
of starch per kilogram of body weight was given With this quantity, 
rises m blood sugar occurred which were comparable to those obtained 
m rabbits, as shown in the accompanying table 

Several workers ^ have employed cooked starch to obtain sugar toler- 
ance curves in human subjects, and Maclean found that 50 Gm of 

* Submitted for publication, March 10, 1929 

^ From George Washington University Hospital and the Hygienic Laboratory 

1 Rosenthal, S M Pancreatic Function and Upper Intestinal Digestion, 
Arch Int Med 41 867 (June) 1928 

2 Maclean, H Glycosuria and Diabetes, London, Constable & Co , 1924 
Gray, H Blood Sugar Standards, Arch Int Med 31 241 (Feb ) 1923 Rowe, 
A H , and Rogers, H Carboh 3 ’’drate Tolerance in Normal Persons and in 
Nondiabetic Patients, Areh Int Med 39 330 (March) 1927 
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cooked oatmeal, nee oi potatoes would pioduce a use in blood sugar 
compaiable to 50 Gm of dextiose Howevei, when we gave from 50 
to 75 Gm of raw staich to a gioup of patients, tlieie was a staking 
absence of mciease in blood sugai 

METHOD AND RESULTS 

Soluble starch prepared according to Lmtner was used It was stirred into 
250 cc of water, and 2 cc of normal (3 6 per cent) hydrochloric acid was added 
just before it was given The acid makes the mixture more palatable and on 
theoretical considerations would prevent any digestion of the starch by the saliva 
However, previous work on rabbits and further work on human beings indicate 
that no appreciable salivary digestion of uncooked starch takes place, for the 
effects on blood sugar were the same when acid was omitted as when it was 
employed It will be interesting to know whether salivary digestion takes place 
to a greater extent in cases of gastric anacidity 



Gm of raw starch administered by mouth in 250 cc of water plus 2 cc of normal 
hydrochloric acid The curves marked * represent 75 Gm doses 

Fifty grams of starch was administered to seven, and 75 Gm to two, hospital 
patients free from alimentary disease or diabetes The results are shown in 
chart 1 The blood sugar showed an average increase of 1 mg per hundred 
cubic centimeters in one-half hour, a decrease of 1 2 mg in one hour and a 
decrease of 3 mg in two hours These results present a striking difference from 
those obtained in a group of twelve patients to whom 50 Gm of cooked starch 
was given in the form of mashed potatoes (250 Gm ) made up to 500 cc in 
uater, and to which from 6 to 10 cc of 3 6 per cent hydrochloric acid was added 
The experiments with cooked starches will be reported in detail elsewhere, as a 
technical procedure for studying pancreatic function and intestinal digestion in 
human subjects An average increase of 56 mg occurred in one-half hour, of 
51 mg m one hour and of 11 mg per hundred cubic centimeters in two hours 
after the test meal (chart 2) 

Another series of tests weie perfoimed on seven diabetic patients to 
whom no insulin had been given for several days preceding the experi- 
ments The results are shown in chart 3 There was an average 
increase in blood sugai of 6 mg per bundled cubic centimeteis in one- 




346 


ARCHIVES OF INTERNAL MEDICINE 


half houi, a decrease of 9 mg in one hour, and a decrease of 14 mg 
in two and one-half hours after the staich meal This fall in blood 
sugar below the initial value is worthy of notice, for it occurred in seven 
of the nine control cases and in five of the seven diabetic patients In 
the normal subjects the fall was negligible, but in the diabetic patients 
the decrease varied from 14 to 35 mg per bundled cubic centimeters 
We do not know whether this fall would have occurred spontaneously 
or whether it was associated with the starch meal 

A form of carbohydrate which does not raise the blood sugar would 
be highly desirable in a diabetic regimen, foi it would obviate the neces- 



Chart 2 — ^The effect of SO Gm of cooked starch (250 Gm of potatoes) on 
the blood sugar of normal adults Administered by mouth in 500 cc of water 
plus from 6 to 10 cc of normal hydrochloric acid 

sity of insulin for those patients with moderately seveie forms of the 
disease who develop hyperglycemia and glycosuria after large meals 
Further investigation must determine to what extent toleiance can be 
increased by employing a maintainance diet high in raw starch 

Efforts are being made to employ those foods m which raw starch 
occurs in an edible form One of us (R ) took a test breakfast of 500 
Gm of raw carrots (50 Gm of carbohydrate) They were chewed 
normally without any attempt to diminish salivary action Determina- 
tions of blood sugar showed before the meal, 0 091 mg per hundred 
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cubic centunetei s , forty-five minutes after, 0 092 mg , one and one-half 
hours after, 0 086 mg and thiee hours after, 0 086 mg Subsequent 
examination of the stools revealed no appreciable quantities of staich oi 
dextrms To three diabetic patients a meal of 120 Gm of fresh grated 
chestnuts was given Blood sugars during the following three hours 
showed no elevation Other edible raw foods, selected because of their 



Chart 3 — Blood sugar curves following the administration of SO Gm of raw 
starch to diabetic patients Administered by mouth m 250 cc of water plus 2 cc 
of normal hydrochloric acid 

high caloiic value and because the carbohydrates are present principally 
111 the form of starch, such as cocoanut, turnip and onion, are being 
studied from this point of view Raw starch itself can be made more 
palatable by administering it m sweet milk or buttermilk, or m gelatin or 
frozen puddings 
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COMMENT 

In the absence of hypeiglycemic eftects of raw starches, the question 
natuially arises as to their digestibility in the alimentary canal Lang- 
worthy ® kept human subjects on test diets of raw starches for three day 
peiiods The starches were given m a frozen pudding, and examina- 
tions of the stools were made to determine their digestibility Corn, 
wheat, cassava, rice and taro root starch were completely digested when 
eaten m amounts up to 250 Gm a day Potato staich was digested to 
the extent of 97 per cent when 59 Gm a day was given, and 78 per cent 
when approximately 200 Gm a day was given The digestion probably 
occurs in the distal portion of the alimentary canal, where bacterial 
action IS an accessory to ferment action The liberation of absorbable 
sugars would be sufficiently slow so that a hyperglj'-cemia is not pro- 
duced This slow absorption does away with the sharp rise in blood 
sugar that normally occurs following the ingestion of other carbo- 
hydrates 

The introduction of this principle into the treatment of diabetic 
patients is being investigated fiom the point of view of obviating the use 
of insulin m mild and moderately severe cases, and to determine whethei 
the total carbohydrate tolerance can be increased by this method of 
administration 

Another point of interest is the difference in response that occurs 
between the man and the other animals studied the dog and the rabbit 
It would be expected that the rabbit could rapidly digest raw staich, for 
this IS his native diet, and the amylase m the pancreatic secretion of the 
rabbit is in a higher concentration than m man The site of digestion 
of raw starch in man has been a subject of extensive investigation 
Strasburger and his colleagues,^ as a result of experiments in vitro, have 
recently concluded that digestion takes place in botli the small and the 
large intestine Our experiments, especially m the light of positive mani- 
festations in animals, prove that no appreciable digestion of raw starch 
takes place in the upper part of the small intestine of human beings 

The starch that we used (soluble staich) has been treated with 
strong acid in the process of manufacture and is actually a mixture of 
starch and higher dextnns With the use of untreated raw starches, 
either as such or in the form of uncooked vegetables or nuts, it is possi- 
ble that the small increases in blood sugar (1 mg m normal subje^-ts 
and 6 mg m diabetic patients) at the half houi period after administra- 
tion will not occur 

3 Lang^vorthy, C F, and Merrill, A T Bull 1213, U S Department of 
Agriculture, 1924 Langworthy, C F, and Deuel, H J J Biol Chem 51 251, 
1922 

4 Strasburger, J Arch f Verdauungskr 41 1, 1927 Strauss Ibid 41 
11, 1927 Marx, A V Ibid 41 180, 1927 Heupke Ibid 41 193, 214, 1927 
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The absence of hypei gl} cemic effects of uncooked starches led us 
to question whether alimentary hypei glycemia is, in a bioad sense, 
physiologic to man Krasnjanskn and Tumble and Haddock'’ found 
considerable elevations of blood sugai aftei each meal, and this was 
due solely to the carbohydiate content 

The relation of these daily uses m blood sugar to the etiology of 
diabetes was fuither suggested by an inquiry into the incidence of 
diabetes among the Eskimos These people eat almost no caibohydiate 
Di H L Paddon, for seventeen yeais m chaige of a Labiadoi hospital 



Chart 4 — Summary of blood sugar curves following the feeding of starch to 
human beings A, 50 Gm of raw starch to seven diabetic patients , B, 50 Gm 
of cooked starch (250 Gm of potatoes) to twelve normal subjects, C, 50 Gm of 
raw starch to nine normal subjects 

as a member of Sir Wilfied Gienf ell’s staff, also Dr W A Thomas 
and Captain MacMillan, have wiitten me that they have never encoun- 
tered diabetes m an Eskimo Dr A Bertelson of Copenhagen wrote 
that a suivey of the recoids shows that among 14,000 Greenland 
Eskimos who are cared for by ten Danish physicians, diabetes has never 
been reported to occur 

5 Krasnjanskii, L M Biochem Ztschr 205 180, 1929 

6 Trimble, H C , and Maddock, S J J Biol Chem 81 595, 1929 
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SUMMARY 

From 50 to 75 Gm of raw starch administered by mouth to nine 
normal adults produced the following changes in blood sugar in one- 
half hour, an average inciease of 1 mg per hundred cubic centimeters, 
in one hour, a deci ease of 1 2 mg , and in two hours, a decrease of 3 mg 
Fifty grams of cooked starch (250 Gm of potatoes) given to twelve 
persons caused the following changes in blood sugar in one-half hour, 
an average increase of 56 mg , in one hour, an increase of 51 mg, and 
in two hours, an increase of 11 mg 

Fifty grams of uncooked starch was given to seven patients with 
diabetes of varying severity, the changes in blood sugar weie (average) 
in one-half hour, an increase of 6 mg , in one hour, a decrease of 9 mg , 
and in two and one-half hours, a decrease of 14 mg 

One hundred and twenty grams of uncooked chestnuts were given 
to three diabetic patients without raising the blood sugar level 



THE AMINO-ACID CONTENT OF THE BLOOD IN 
HEALTH AND IN DISEASE-" 

E G SCHMIDT, PhD 

BALTIMORE 

Among the numerous constituents of the blood stream few are more 
closely related to many of the fundamental processes of life than the 
ammo-acids Yet it was only within compaiatively recent times (1913) 
that crystalline amino-acids were actually isolated from the blood 
stream, and considerable confusion still seems to exist m legard to the 
amount of ammo-acid nitrogen in normal and pathologic blood Thus in 
a recent text on biochemistry ^ the statement is found that “in diabetes 
mellitus there is an accumulation of amino-acids in the blood and a cor- 
responding increased excietion into the urine Again in nephritis there 
is an accumulation of ammo-acids in the blood On another page of the 
same book one finds the statement that “ammo-nitrogen rarely rises m 
the blood Even during severe nephritis there is no characteristic 
increase in ammo-nitrogen ” In a recent book on blood chemistry,^ the 
author said that “a definite rise m the ammo-acid content of the blood 
appears only to have been recognized in acute yellow atrophy,” whereas 
another author on the same subject^ stated that “they have been found 
to be increased in nephritis but the clinical value of the determination 
is uncertain ” Other writers of textbooks also indicate that the amino- 
acid nitrogen is increased m severe nephritis ® However, in their early 
work on the metabolism of the ammo-acids, Folin and Berglund ® pointed 

+ Submitted for publication, Jan 23, 1929 

*From the Biochemical Laboratory of Mercy Hospital and the Department 
of Biological Chemistry of the University of Maryland School of Medicine 

1 Abel, J J , Rowntree, L G, and Turner, B B Tr Am A Phys, May 6, 
1913, p 4 

2 Morse, W Applied Biochemistry, ed 2, Philadelphia, 1927, pp 542 
and 837 

3 De Wesselow, O L V The Chemistry of the Blood in Clinical Medicine, 
New York, 1924, p 24 

4 Kilduffe, R A The Clinical Interpretation of Blood Chemistry, Phila- 
delphia, Lea & Febiger, 1927, p 96 

5 Hawk, P B , and Eergeim, O Practical Physiological Chemistry, ed 9, 
Philadelphia, 1927, p 357 Rehfuss, M E Diagnosis and Treatment of Diseases 
of the Stomach, Philadelphia, W B Saunders Company, 1927, p 1086 Myers, 
V C Practical Chemical Analysis of the Blood, ed 2, St Louis, C V Mosb 3 ' 
Company, 1924, p 32 

6 Folin, 0 Laboratorj’- Manual of Biological Chemistry, ed 4, New York, 
D Appleton & Company, 1925, p 291 Berglund, H Nitrogen Retention in 
Chronic Intestinal Nephritis, J A M A 79 1375 (Oct 21) 1922 
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out that the deaminization process is so fundamental that few conditions 
will be found in which the ammo-nitrogen varies much from the normal 
Papeis in the current liteiature aie equally as confusing as the state- 
ments in many of the textbooks and will be discussed in connection with 
the data from the laboratory 

This situation is due, probably, to the variety of methods which have 
been utilized for the determination of the amino-acids of the blood, 
VIZ, the “ninhydrm” reaction of Abdeihalden, the Sorenson titration 
method, the gasometric method of van Slyke, the colorimetric reaction of 
Fohn, etc, and the vaiious methods which have been used for the 
preparation of the protein-free filtiates Hence the exact amount of 
amino-acid nitrogen in an individual specimen will depend on the nature 
of the method that was used for the analysis While this fact, however, 
may not vitiate completely the conclusions drawn from an individual 
papei, the data would hardly be comparable with those of another work 
m which a different analytic procedure was utilized 

The colorimetric method of Fohn ^ in which sodium beta-naphtho- 
quinone 4-sulphonate is used as the color reagent avoids many of the 
errors and difficulties inherent in the other methods for the determina- 
tion of the amino-acid nitrogen of the blood, and as the method is 
adaptable to hospital routine it was used exclusively in this work 
Duiing the last two years, about 500 deteiminations have been made 
of the amino-acid nitrogen of the blood taken during fasting from 
patients with a considerable diversity of disease The diagnoses taken 
from the chaits of the patients were primarily clinical, although a few 
were confirmed by postmoitem observations, and especial attention was 
given to those conditions in which unceitainty seems to exist as to the 
actual ammo-acid content of the blood 

The amino-acid nitrogen of the blood specimens repiesenting a con- 
siderable vaiiety of diseases was found to be lemarkably constant and 
showed but little variation from the normal range as found in healthy 
adults In many diseases, such as uremia, diabetes, pneumonia, per- 
nicious anemia, hepatic insufficiency, etc, in which the amino-acid 
nitrogen is reported to be appreciably elevated, normal results were 
obtained in all cases Pathologic vaiiations in the content of ammo-acid 
nitiogen, among the cases examined in the laboiatory, were found only 
m leukemia and acute yellow atiophy of the liver In addition, it can 
be stated definitely from a survey of the literature that the amino-acids 
are also increased m polycythemia vera, and as a result of such hepatic 
poisons as h 3 rdiazme, synthalin, chloioform, etc, while laige doses of 
insulin pioduce a decrease m the ammo-acid nitrogen of the blood 

7 Folm, O J Biol Chem 51 377, 1922 
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EXPERIMENTAL METHODS 

Folin’s colonmetnc method was used for the determination of the ammo-acid 
nitrogen of the blood, and all precautionary measures were taken to insure 
accuracy of results In order to avoid any postahmentary hyperammo-acidemia, 
the blood specimens were collected in the morning before breakfast and after a 
twelve hour fast in tubes containing about 10 mg of lithium oxalate The protein- 
free filtrates were immediately prepared according to Haden’s * modification of 
the original Fohn-Wu technic, in which twelve hundredth-normal sulphuric acid 
IS used instead of the two-third normal acid During the last few years, several 
thousand filtrates have been prepared in the laboratory by this method with excel- 
lent results, the filtrates always come through rapidly and are invariably clear 
and colorless The filtrates, of course, were used for the other chemical analyses 
also Ten cubic centimeters of the filtrate was used for each determination, and 
two amino-acid standards were prepared and matched with each other in the 
colorimeter in each run If the standards checked with each other they were read 
against the unknown preparations 

REAGENTS 

The stock ammo-acid solution containing 0 1 mg of amino-acid nitrogen per cubic 
centimeter was prepared by dissolving 0 1339 Gm of glycine (Pfanstiehl) m tenth- 
normal hydrochloric acid containing 0 5 Gm of sodium benzoate, and the solution 
was then diluted to 250 cc with tenth-normal hydrochloric acid The standard 
ammo-acid solution was prepared by diluting 175 cc of the stock solution to 250 cc 
with the tenth-normal hydrochloric acid This standard has been compared colorime- 
trically and found to check closely with the standard glycine solutions in use in two 
other laboratories The special sodium carbonate solution was prepared by diluting 
SO cc of a saturated solution with distilled water until 8 5 cc were exactly equiv- 
alent to 20 cc of tenth-normal hydrochloric acid, with methyl red as the 
indicator The acetic acid-acetate and sodium thiosulphate solutions were also 
prepared according to the directions of Folin ’ The sodium naphthoquinone 
4-sulphonate of various manufacturers was found not to be of uniform quality, 
and the specified amount of one particular brand would hardly take care of the 
afnmo-acid nitrogen found m 10 cc of a protein-free filtrate However, a satis- 
factory product was secured from the Eastman Kodak Company and was tested 
out m the following manner A series of ammo-acid standards were prepared 
by diluting aliquot quantities of the stock solution to various volumes with tenth- 
normal hydrochloric acid m such a manner that 1 cc of each of the diluted glycine 
solutions contained the amount of amino-acid nitrogen as given m the first column 
of table 1 The figures, however, have been multiplied by 100 in order to make 
them comparable with the figures obtained from blood filtrates where the calcula- 
tions aie based on milligrams of ammo-acid nitrogen per hundred cubic centimeters 
of blood The ammo-acid nitrogen m each glj'cme solution was determined in the 
usual manner and compared with the regular standard Then a series of deter- 
minations were made in which various amounts of the freshl}'^ prepared beta- 
naphthoqumone solution ivas added to the different glycine solutions and then 
matched in the colorimeter against the usual ammo-acid standard The data are 
given in table 1 and show that each cubic centimeter of the 0 5 per cent beta- 
napiithoqumonc solution takes care of from about 008 to 01 mg of ammo-acid 
nitrogen Thus, if the blood is suspected to be high in ammo-acids the filtrate should 


8 Haden R L J Biol Chem 56 469, 1923 
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be diluted, or more of the qumone reagent should be used in the determination 
By carefully following the directions of Fohn in every detail, I have never encoun- 
tered any difficulties with the method, and uniformly satisfactory results were 
always obtained 

RESULTS 

In regard to the average amount of amino-acid nitrogen in the blood 
of healthy adults, various figures have been reported , the inconsistencies 

Table 1 — The Effect of Vaiying the Amounts of Amino-Acid Nitrogen and the 

Naphthoquinone Reagent 
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* Each figure has been multipled by 100 


Table 2 — Amino-Acid Nitwgen Content of Nonnal Blood 


Author of Report 

Polin, O , and Berglund, H , 12 young men ® 

Greene, O H Sandiford, K , and Ross, H (J Biol Ohem 
53 SJ5, 1924) 20 normal persons 

Fownweather, F S , and Gordon, J (Bnt J Evper Path S 93, 

1927) 15 normal cases 

McClure, O W , and Huntsinger, M E (J Biol Ohem 74 1 , 

1928) 15 normal persons 

Hoeffel, G N , and Monartj M E (Am J Dis Child 27 64 
[Jan ] 1924) 14 normal adults 

Wowsi, M , and Gelbird, J (Ztschr f d ges exper Med 51 518, 
1926) 30 normal persons 
Schmidt, E G (this paper) 25 adults 


Mg 

per lOO Cc 

Blood 

f 

Mini- 

Maxi 

-* 

mum 

mum 

Average 

57 

78 

64 

52 

72 
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49 

81 

6 46 

48 

75 

66 

64 

81 

7 04 

63 

80 


48 

78 

63 


are probably due to the different procedures which were used for the 
analyses The more reliable reports of the various investigators who 
have utilized the Fohn colorimetric method for the determination of the 
amino-acid nitrogen of the blood have been collected in table 2 The 
general average is thus seen to be from 6 3 to 6 5 mg of amino-acid 
nitrogen per hundred cubic centimeters of blood The results of the 
analysis of the blood of twenty-five normal adults and adults with minor 
surgical conditions were found to average 6 3 mg and to range from 4 8 







356 


ARCHIVES OF INTERNAL MEDICINE 


with an average animo-acid nitrogen o£ 6 3 mg, the same aveiage as 
was established for normal blood The only case m which the ammo- 
acid appreciably exceeded 8 mg was one of aiteriolar nephritis (table 5, 
no 14) which showed 8 8 mg of amino-acid per hundred cubic centi- 
meters of blood, the blood having been taken just prior to death This 
value may be explained m the light of the recent work of Beckei,® who 
pointed out that the ammo-acids of the blood begin to increase just 
prior to death, and that the rise is rapid soon after life ceases However, 
most of the cases in which the amino-acid was slightly in excess of 
8 mg (fiom 8 to 8 3 mg) were found to yield normal values on 
reexamination within a few days The distribution of ammo-acid 
nitrogen and frequency of occurrence of the various values are given in 
table 4 and indicate that 180 determinations, or 40 09 per cent, occurred 
between 6 and 6 4 mg , and therefore 6 3 mg is close to the probable 
aveiage amino-acid nitrogen content of the blood The results m regard 


Table 4 — The Distnbiitwn of Amino-Acid Ntfiogcn and Fi equcncy of Occui i ence 
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to certain diseases merit further discussion and will be taken up in con- 
nection with the reports of other workers 

Results m Ceitain Diseases — Nephritis As previously pointed out, 
the rather scanty literature on the subject of the possible retention of 
amino-acids in renal disease is full of conflicting statements The 
earlier woik was carried out with the gasometnc method of van Slyke 
on filtrates which had been deproteimzed in a vaiiety of ways Thus 
Bock found that among the numerous diseases in which the amino- 
acids were increased the most pronounced variations from the noimal 
occurred in nephiitis, and his results are quoted in most texts on bio- 
chemistry and chemical pathology Okada and Hayashi confirmed 
the results of Bock on patients with severe uremia, and they also found 
increased amino-acids in the blood of dogs after ligating the ureters or 

9 Becker, E , and Herrman, E Munchen med Wchnschr 72 1069 and 2178, 

1925 

10 Bock, J C J Biol Chem 28 357, 1916, ibid 29 191, 1916 

11 Okada, S , and Havashi, T J Biol Chem 51 121, 1922 
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extiipatmg the kidneys Blau/^" Desqueyroux/^ Hulse and Strauss 
and others, also found increased ammo-acids m advanced renal disease, 
wheieas Losee and van Slyke^= and Morse found no marked devia- 
tions from the normal m pie-eclamptic toxemia, eclampsia, nephritic 
toxemia and similar conditions In general, the results secuied with the 
colorimetric method of Folin yielded normal results in most diseases 
Thus Fohn and Beiglund,“ m a small senes of cases, found that the 
amino-acids did not paiallel the retention of urea, while Gieene, 
Sandifoid and Ross found that “there is no significant depaiture fiom 
the normal and no appaient correlation between the ammo-acids and 
degree of renal insufficiency ” Feinblatt and Shapiro reported that 
“while in an individual instance uiea letention is apt to be accompanied 
by hyperamino-acidemia, this association is just as often completely 
lacking” and that, as a rule, normal values are usually obtained 
Bandler and Killian leported a case of cancer of the bladder m which 
the amino-acid mtiogen showed a terminal use to 12 mg Looney 
found, in an individual case of mercuric chloride poisoning with reten- 
tion and anuiia, that the ammo-acids did not inciease until shoitly 
befoie death Howevei, in a recent investigation of the role of the liver 
in ammo-acid metabolism, Wowsi and Gelbird noted an increase of 
ammo-acids m the blood m cases of cancer (especially of the stomach 
and liver), syphilis, acute yellow atrophy of the liver and seveie hepatitis 
as well as m leukemia, uieniia, pneumonia, and other diseases 

In table 5 is listed a senes of blood chemistry studies of thirty-five 
patients with vaiious types and in diverse stages of lenal disease The 
blood uiea values langed fiom 19 to 610 mg, and the creatinine from 
15 to 15 mg per hundred cubic centimeters of blood The aveiage 
ammo-acid nitrogen of the thirty-five patients was found to be 6 3 mg , 
exactly noimal, with a minimum of 4 5 and a maximum of 8 8 mg , 
theiefoie, legaidless of the degree of lenal damage, the ammo-acid 
nitiogen content of the blood showed no appreciable departure from the 
normal values In only one case did the ammo-acid nitrogen exceed 
8 mg (no 14) , the blood for that determination, howevei, was taken 
just befoie death In connection with such conditions as intestinal 

12 Blau, N F J Biol Chem 56 861 and 867, 1923 

13 Desqueyroux, J Ann de med 13 20 (Jan ) 1923 

14 Hulse, W , and Strauss, H Ztschr f d ges exper Med 39 442, 1924 

15 Losee, J R , and van Slyke, D D Am J M Sc 158 94, 1917 

16 Morse, A Bull Johns Hopkins Hosp 28 199, 1917 

17 Greene, C H , Sandiford, K , and Ross, H J Biol Chem 53 845, 1924 

18 Feinblatt, H M, and Shapiro, L Amino- A,cid Content of Blood m 
Various Pathologic Conditions, Arch Int Med 34 690 (No\ ) 1924 

19 Bandler, C G , and Killian, J A J Urol 19 1, 1928 

20 Loonej, J kl T Biol Chem 70 513, 1926 

21 Wo^\Sl, kl , and Gelbird, J Ztschr f d ges exper Med 51 518, 1926 
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obstruction, pneumonia, etc , in which the urea content is considerably 
elevated, no increase in amino-acids was noted 

Pernicious Anemia Seveial investigatoi s, especially Gettler and 
Lindeman and Gorchkoff, Grigoneif and Koutoursky have reported 
increases in the ammo-acid content of the blood in pernicious anemia, 
whereas others found normal values Table 3 includes ten cases of 
anemia of various types, and the ammo-acid nitrogen was found to 
average 6 4 mg with no deviations from the normal range 

Table 5 — The Aimno-Acid Nthogen Content of Blood m Renal Disease 


Blood Ohemistry 

A 


1 

Diagnosis 

Acute nephrosis, mercuric chloride poisoning 

f 

Urea 

Mg 

610 

A 

Creatinine 

Mg 

84 

Amino 

Acid 

Nitrogen 

Mg 

61 

2 

Chronic diffuse glomerular nephritis 

585 

64 

74 

3 

Chronic interstitial nephritis 

675 

84 

61 

4 

Pyonephrosis 

565 

80 

78 

5 

Pj onephrosis 

555 

12 0 

67 

6 

Pyonephrosis 

485 

90 

47 

7 

Acute nephrosis, mercuric chloride poisoning 

480 

98 

56 

8 

Acute nephrosis, mercuric chloride poisoning 

425 

60 

67 

9 

Chrome interstitial nephritis 

415 

10 0 

52 

10 

Pyonephrosis 

405 

56 

50 

11 

Chronic diffuse glomerular nephritis 

405 

64 

64 

12 

Acute nephrosis, mercuric chloride poisoning 

895 

94 

74 

13 

Acute nephritis 

885 

92 

68 

14 

Antenolar nephritis 

340 

SO 

88 

15 

Pyonephrosis 

333 

12 0 

54 

16 

Acute nephrosis mercuric chlonde poisoning 

320 

70 

70 

17 

Chronic nephritis 

277 

15 0 

51 

18 

Chronic diffuse glomerular nephritis 

247 

64 

64 

19 

Chronic diffuse glomerular nephntis 

215 

70 

63 

20 

Chronic diffuse glomerular nephritis 

216 

64 

61 

21 

Bilateral pjelonephritis (advanced) 

200 

34 

63 

22 

Chronic diffuse glomerular nephritis 

200 

10 0 

70 

23 

Acute nephrosis, mercuric chlorid<- poisoning 

ISO 

50 

61 

24 

Chronic interstitial nephritis 

160 

22 

62 

25 

Chronic diffuse glomerular nephritis 

166 

48 

54 

26 

Chronic diffuse glomerular nephritis 

150 

38 

45 

27 

Bilateral pyonephrosis 

150 

26 

64 

28 

Acute nephritis 

149 

16 

77 

29 

Chronic artenolar nephritis 

104 

19 

74 

30 

Acute local glomerular nephritis 

98 

24 

64 

31 

Acute focal glomerular nephritis 

94 

28 

72 

32 

Chrome arteriolar nephntis 

73 

19 

64 

33 

Chronic arteriolar nephritis 

61 

15 

60 

34 

Chronic interstitial nephritis 

40 

14 

63 

35 

Chronic interstitial nephritis 

19 

15 

58 


Average 



63 


Diabetes Mellitus In diabetes melhtus a number of investigators, 
including Labbe and Violle,^® Galambos and Tausz,^® Wolpe,^^ 

22 Gettler, A O , and Lindeman, E Blood Chemistry of Pernicious Anemia, 
Arch Int Med 26 453 (Oct ) 1920 

23 Gorchkoff, M , Gngorieff, W, and Koutoursky, A Compt rend Soc de 
biol 76 454, 1914 

24 Greene, Sandiford and Ross (footnote 17) Feinblatt and Shapiro (foot- 
note 18) 

25 Labbe, H , and Violle, K Compt rend Acad d sc 154 73, 1912 

26 Galambos, A , and Tausz, B Ztschr f klin Med 77 14, 1913 , ibid 80 
381, 1914 

27 Wolpe, G Munchen med Wchnschr 71 363, 1924 
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Desqueyioux and others, found inci eased ammo-acids with the 
van Slyke method, whereas Gieene, Sandifoid and Ross,^^ Femblatt 
and Shapiro,^® von Falkenhausen and others found no inciease m the 
amino-acids with the Fohn method Table 3 includes the ammo-acid 
nitrogen content of eighty-five diabetic patients in vaiious stages of 
insulin theiapy with blood sugar values ranging fiom 100 to 600 mg 
per hundred cubic centimeters of blood The amino-acid nitrogen of 
these specimens of blood fioni diabetic patients was found to range fioni 
4 5 to 76 mg with an aveiage of 6 3 mg for the eighty-five deteimina- 
tions, and all weie well within the normal lange This series also 
includes a young diabetic child in coma from insulin shock whose blood 
sugar was 44 mg and the coi i esponding ammo-acid nitrogen 4 5 mg, 
which might indicate that an overdose of insulin produces a deciease in 
the ammo-acids of the blood This obseivation would be in keeping with 
the expel iinents of Luck, Moirison and Wilbui who demonstrated 
that subconvulsive doses of insulin loweied the ammo-acid content of the 
blood of labbits, lats and human beings, the maximum decrease was 
from 2 5 to 3 mg Gieene, Sandiford and Ross stated that insulin 
has no effect on the amino-acids, however, Tashiio,®® Wiechmann,®^ 
Wolpe and others agreed that insulin produces a reduction m the 
amino-acids of the blood On the other hand, parenteial administrations 
of such antidiabetic substances as synthalm and other insulin sub- 
stitutes®® have been found to pioduce an increase m the ammo-acids of 
the blood, which was attributed to iiijuiy to the liver as exhibited by a 
deci eased ability to deaminize injected glycine In this connection 
Lewis and Izume ®^ found that the subcutaneous admmisti ation of 
hydiazine sulphate to fasting rabbits often pioduced fatty degeneration 
of the liver as shown by a marked rise in the ammo-acids of the blood, 
while Marshall and Rowntree ®® found that phosphorus and especially 
chloiofoim also pioduced an ammo-acidemia and a deciease m blood 
ui ea 

Hepatic Insufficiency My views of the metabolism of the amino- 
acids pi imarily center around the functions of the liver and i est largely 

28 Von Falkenliausen, M F Arch f ex per Path u Pharmakol 103 322, 
1924 

29 Luck, J M , Morrison, G , and Wilbur, L J Biol Chem 77 151, 1928 

30 Tashiro, K Tohoku, J Exper Med 7 221, 1926 

31 Wiechmann, E , and Dominick, M Arch f khn Med 153 1, 1926 

32 Blathenvick, N R , Sahyun, M , and Hill, E J Biol Chem 75 671, 1927 

33 Bischoff, F , Blatherwick, N R , and Sahyun, M J Biol Chem 77 467 
1928 

34 Lewis, H B , and Izume, S J Biol Chem 71 33, 1926 

35 Marshall, E K, Jr, and Rowntree, LG J Exper Med 22 333, 1915 
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on the evidence piesented by the woik of van Slyke,®® Fohn and 
Mann and others On complete lemoval of the liver of dogs, Mann and 
his collaboratoi s demonstrated that there resulted a complete cessation of 
deaminization and a resultant increase in the ammo-acid content of the 
blood Evidence has been presented to show that in diseases of hepatic 
origin theie is an increased content of ammo-acids,®® but Gieene, Sandi- 
foid and Ross found no increase in a number of cases of cirrhosis or 
chionic hepatitis, and the limited data m table 3 are in conformity with 
the latter statement However , W owsi and Gelbird,^^ who also used the 
method of Fohn, found that the amino-acids were increased in syphilitic 
and arsenical hepatitis and especially in primary cancer of the liver and 
in acute yellow atroph)^ whereas normal values were secured m infec- 
tious and toxic jaundice The fact is well known that in acute yellow 
atrophy there is found a marked increase in the amino-acids of the blood 
and urine In the single case of acute yellow atrophy of the liver 


Table 6 — Ammo-Acid Nifiogen Content m Leukemia 



Ammo Acid 


Number Date 

Nitrogen, Mg 

Leucocyte Count 

1 3/ 1/28 

10 3 

540,000 

2 3/ 8/28 

02 

76,800 

3 0/20/28 

80 

230,000 

4 U/21/28 

4 0 

7,900 

4 11/22/28 

5 4 

5,900 

4 11/28/28 

78 

59,000 

5 12/27/28 

72 

80,000 


reported in this paper the following laboratory observations per hundred 
cubic centimeteis of blood were secured amino-acid nitrogen, 16 5 mg , 
urea, 29 mg , nonprotein nitrogen, 57 mg , sugar, 50 mg , and sodium 
chloride, 380 mg The van den Bergh reaction was prompt direct posi- 
tive with 22 mg of bilirubin per hundred cubic centimeters of serum, and 
the icterus index was 200 These figuies are typical of acute yellow 
atrophy 


36 Van Slyke, D D The Harvey Lectures, 1915-1916, vol 11, p 146 

37 Fohn, O Physiol Rev 2 460, 1922 

38 Mann, F C Medicine 6 419, 1927 

39 Rovntree, L G , Marshall, E K, and Chesney, AM Tr Am A Ph}'s 
29 586, 1914 

40 Wolpe (footnote 27) Feigle, J, and Luce, H Biochem Ztschr 79 162, 
1917 Roman, B Acute Yellow Atrophy of Liver, Arch Path 4 399 (Sept ) 
1927 Stadie, W C , and van Slyke, D D Effect of Acute Yellow Atrophy on 
Metabolism and on Composition of the Liver, Arch Int Med 25 693 (June) 1920 
Tileston, W, and Comfort, C W The Total Nonprotein Nitrogen and the 
Urea of the Blood in Health and in Disease, as Estimated by Folm’s Methods, 
ibid 14 620 (Nov) 1914 
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Polycythemia Vera (Erythiemia) Gieene and Conner stated that 
tiue polycythemia is the convex se of anemia in that it is charactei ized 
by a peisistent inciease in the led blood corpuscles with lesultant pleth- 
ora, and they found that the ammo-acids are moderately (from 8 to 
14 3 mg ) inci eased m the blood Luck also leported that the amino- 
acids are increased in polycythemia No cases of polycythemia weie 
encountered while this woik was in pi ogress 

Leukemia In leukemia, particularly of the myelogenous type, the 
blood has been found to contain a moderate increase of amino-acid nitio- 
gen It IS said that in general the concentration of ammo-acids paral- 
lels appi oximately the leukocyte count, and that there is some, but not 
necessaiily a pi opoi donate, inciease in the basal metabolism While 
this work was in progiess, five cases of lymphatic leukemia of various 
types weie encountered, and the following data indicate that a small 
inciease in amino-acid nitiogen is frequently found if associated with 
a high leukocyte count 

Certain phases of this work aie still being continued 

SUMMARY 

1 The ammo-acid nitrogen content of normal adult blood, as deter- 
mined by the Fohn colorimetiic method with sodium beta-naphtho- 
quinone 4-sulphonate, was found to average 6 3 mg and to range from 
4 8 to 7 8 mg per hundred cubic centimeters of blood 

2 The analysis of almost 500 specimens of blood representing a 
considerable diversity of disease proved that the concentiation of ammo- 
acids lemains lemaikably constant The values range from 4 to 8 3 mg 
with an aveiage of 6 3 mg per hundred cubic centimeters of blood 

3 The amino-acid nitiogen content of the blood was found to be 
fiequently model ately increased in leukemia and greatly elevated in acute 
yellow atiophy of the liver The amino-acids are also increased (no 
data in this paper) in potycythemia vera, and as a result of the admin- 
istration of such hepatic poisons as hy^drazine sulphate, synthalin, chloio- 
foira and phosphorus 

41 Greene, C H , and Conner, H M Diseases of the Liver Comparative 
Study of Tests for Hepatic Function in Certain Diseases of the Hematopoietic 
System, Arch Int Med 38 167 (Aug) 1920 

42 Luck, J J Biol Chem 77 13, 192S 

43 Okada and Hajashi (footnote 11) Martin, C L , Denis, W, and Aldrich 
j\r Am J j\I Sc 160 223, 1920 

44 Sandiford, K , Boothby, M , and Giffen, H J Biol Chem 55 23, 1923 



FAILURE OF A DIABETIC PATIENT TO UTILIZE 
DRIED ARTICHOKE POWDER + 

L E WESTCOTT, M D 

AND 

E C WISE, MS 

KALAMAZOO, MICH 

Foi a numbei of years the use of aitichokes has been of interest in 
the treatment of diabetic patients and has been discussed frequently in 
numeious papers Root and Bakei ^ fed twenty-five diabetic patients 
Jeiusalem artichokes in addition to their legular diet Occasionally, 
aitichokes, a 15 pei cent vegetable, weie substituted for a 5 per cent 
\egetable In some cases the aitichokes were taken daily, in others on 
alternate days, and in one instance, only once a week The average 
amount of uncooked aitichokes taken per day amounted to 130 Gm If 
we interpiet their table correctly, seventeen patients inci eased their car- 
bohydiate tolerance from 51 to 59 Gm exclusive of approximately from 
19 to 20 Gm of carbohydiate, which was added as artichoke The 
intake level foi fat was slightly improved In shoit, the calory intake 
was successfully increased from 1,353 to 1,501, oi 148 calories, of which 
about 112 caloiies came from the artichokes We might conclude that 
an additional toleiance of the levulose sugars over the dextrose sugars, 
amounting to approximately 30 Gm , is established It must be men- 
tioned, however, that the dosage of insulin was increased by 3 units per 
day Additional evidence along this line was obtained when 100 Gm 
of artichokes, replacing 15 Gm of dextrose sugars, rendered the urine 
sugar-free Another patient replaced the 5 per cent vegetable with arti- 
chokes in equivalent amount This increased her carbohydrate intake 
bi 10 Gm , and she became sugar-free 

Caipenter and Root“ reported that when caibohydrate was fed in a 
comparative way, with the use of aitichokes and potatoes, at a level of 
205 Gm of carbohydiate (of which 110 Gm came from the two sources 
mentioned), about 10 5 Gm of sugar was found in the mine of patients 
on the potato diet but none m that of those on the artichoke diet 

A reasonable interpretation of these experiments would lead us to 
conclude that there is a slightly greater tolerance foi the levulose deriva- 

Submitted for publication, March 20, 1929 

1 Root, H F , and Baker, M L Inulin and Artichokes in the Treatment 
of Diabetes, Arch Int Med 36 125 (July) 1925 

2 Carpenter, T M , and Root, H F Utilization of Jerusalem Artichokes 
by Patient with Diabetes, Arch Int Med 42 64 (July) 1928 
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tives in this form than foi the usual dextrose caiboh}diates and that it 
might amount to as much as 30 Gm pei day 

Joshii'^ summarized as follows “Twelve patients took an average 
of 92 grams of artichokes m addition to then regular diets 
without inci easing glycosuria already present or pioducmg glycosuiia 
111 patients previously sugar free The aveiage mciease in caibohydrate 
was thus about 13 giams ” 

Oui object in the work lecoided in this paper was to study the quali- 
tative aspect of this question with a diabetic patient who was not receiv- 
ing iiisuhn In brief, we caiefully detei mined the carboh3diate toler- 
ance 111 the usual manner We then dropped the carbohydiate intake 
just below the known tolerance and superimposed dried artichoke powder 
111 weighed amounts and again detei mined the tolerance We conclude 
that the toleiance is not appreciably increased by the aitichokes 

REPORT or CASE 

J C P , a man, aged 22, unmarried, employed as a bank clerk, presented an 
unimportant past and family historj In August, 1927, he felt “run down” and 
received a tonic from his family physician No urinary symptoms were noted 
at this time, and within a month he felt entirely well In March, 1928, he began 
to feel exhausted during the morning and had not felt well since that time In 
October, 1928, the urinary symptoms, pollakiuria, polyuria and polydipsia were 
first noted Polyphagia accompanied these symptoms, and about the first of 
November the patient noticed a dry skin and dry mouth 

Examination — Examination on Nov 12, 1928, showed a blood sugar content 
of 254 mg per hundred cubic centimeters and a urine sugar content of 6 per cent 
Tile urine was negative for diacetic acid The patient was advised to rest and 
■was placed on a restricted diet He was rendered sugar-free on a diet containing 
about 140 Gm of available dextrose daily (without the use of insulin) At this 
time, Dec 6, 1928, the patient consented to take part in the following experiment 
Expo imcnial Conditions — The basal diet of the subject w’as planned to be 
similar to the diet given in “Diets of University of Michigan Hospital The 
diet was made up of beef, pork, cream, butter, mayonnaise (diabetic), bacon, eggs, 
lettuce, celerj, squash, peas, corn flakes and Uneeda biscuits The diet was so 
arranged as to give approximately equal amounts of dextrose at each of the three 
meals and yielded daily about 200 Gm of fat, 100 of carbohydrate and 70 of 
protein (table 1) When it w’as desired to alter the carbohydrate content tins 
was usually done by varjing the number of Uneeda biscuits The food values 
of the materials mentioned w^ere determined by analysis by the official methods 
of the Association of Official Agricultural Chemists' Water, coffee and sac- 
charin were allow'ed in addition to the foods mentioned The materials for each 
meal wore weighed with an accuracy of ± 1 Gm 

Once the diet was adjusted to the proper level it w'as kept constant wnthm 
narrow' limits ^leals w'ere served at the same time each day 

3 Joshn Treatment of Diabetes iMellitus, ed 3, Philadelphia, Lea & 
Febigcr, p 549 

4 Diets of Unnersit} of ^Iiclngan Hospital, p 66 

5 Official Methods of Anahsis, AO AC, ed 2 
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The artichoke powder was prepared by slicing washed artichokes and drying 
them in a vacuum drier The analysis of this powder showed the following 
composition moisture, 8 4 , ash, 4 2 , protein, 7 8 , fiber, 3 , fat, 1 2, and total 
carbohydrate by acid hydrolysis, 754 per cent It should be pointed out that the 
product fed contained no inulin so that the carbohydrate consisted essentially of 
soluble sugars, levulose and inuloids 

The urine was collected under toluene All analyses were made on twenty- 
four hour samples, the daily sample ending before breakfast at 8 a m Nitrogen 
was determined by the Kjeldahl method and dextrose by the method of Benedict 
Samples of feces were collected and analyzed at once for carbohydrate,” nitro- 
gen and fat’ 

Table 1 — Basal Food Intake 


Artichoke 
Increment 
Added to Basnl 





Garbo 

Available 



Diet m Grams 


Protein, 

Pat, 

hydrate 

Dextrose, 

Water, 

Weight, 

of Carbo- 

Day 

Gm 

Gm 

Gm 

Gm 

Cc 

Pounds 

hydrate 

1 

62 

218 

5 ’ 

no 

1,510 

118 


2 

62 

218 

52 

110 

1,330 

119 


3 

65 

218 

52 

112 

1,750 

119 


4 

65 

218 

66 

126 

1,150 

121 


5 

65 

218 

96 

155 

1 700 

121 


6 

65 

218 

125 

180 

1,550 

119 


7 

59 

222 

155 

213 

1,350 

121 


8 

63 

236 

174 

240 

1,450 

121 


9 

74 

237 

137 

201 

1,600 

ns 


10 

70 

236 

105 

169 

1,250 

U6 


11 

69 

236 

105 

169 

1,500 

115 


12 

69 

236 

105 

169 

1,400 

116 


13 

69 

230 

105 

169 

1,200 

115 

30 

14 

69 

236 

105 

169 

1,500 

no 

19 

15 

60 

236 

105 

109 

1,150 

118 

19 

10 

69 

236 

105 

169 

1,000 

118 


17 

69 

236 

105 

169 

1,000 

116 


18 

69 

236 

105 

169 

1,110 

117 


19 

69 

236 

105 

109 

1,700 

U 9 


20 

69 

236 

105 

169 

1,750 

120 


21 

64 

236 

96 

156 

1,350 

119 

19 

22 

69 

236 

101 

165 

1,200 

118 

19 

23 

69 

236 

105 

169 

1,950 

117 

22 

24 

69 

236 

105 

169 

1,750 

119 

22 

25 

69 

236 

105 

169 

1,700 

118 

22 

20 

69 

236 

105 

169 

1,150 

117 


27 

69 

236 

105 

169 

1,350 

118 


28 

69 

236 

105 

169 

1,150 

117 


29 

69 

236 

105 

109 

1,800 

118 


30 

69 

236 

105 

109 

1,200 

118 



The data collected on the urine and feces are shown in tables 2 and 3 In no 
case were appreciable quantities of reducing sugars or hydrolyzable sugars found 
in the feces The water intake and daily weight of the subject are also recorded 


COMMENT 

Starting with a basal diet consisting of 62 Gm of protein, 218 of fat, 
and 52 of carbohydrate, we increased the intake of available dextrose 
by the addition of Uneeda biscuits until on the fifth day it was found 
necessary to revise the basal diet upwaid to avoid feeding a number of 

6 Hawk and Bergeim Physiological Chemistry, ed 9 Philadelphia, P 
Blakiston’s Son & Company, p 866 

7 Hawk and Bergeim (footnote 6, p 3291 
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Unceda biscuits The levised diet, which was made up of the same 
mateiials used before but in inci eased amounts, contained protein, 69 
Gm , fat, 236 Gm , carbohydrate, 105 Gm , and total available dextiose, 


Tahle 2 — Uunalysis 


Day 

Volume, 

Cc 

Specific 
Gra4 ity 

Acetone 

Nitrogen 

Gm 

Sugar, 

Gm 

3 

1,370 

1 019 

None 

10 9 

0 

o 

1,370 

1015 

None 

82 

0 

3 

i 

1,CG0 

1020 

None 

14 9 

0 

1,000 

1020 

Trace 

10 9 

0 

5 

1,470 

1018 

a’race 

78 

0 

6 

1,350 

1 016 

None 

84 

0 4 

7 

1,350 

1021 

None 

90 

4 8 

8 

1,200 

1 029 

None 

87 

29 5 

9 

1,090 

1 022 

None 

10 2 

22 7 

10 

1,200 

1022 

None 

80 

11 2 

11 

850 

1 020 

None 

92 

87 

12 

1,000 

1024 

Nope 

96 

70 

13 

980 

1029 

None 

10 5 

17 0 

14 

1,030 

1025 

None 

79 

11 0 

15 

1,027 

1027 

None 

91 

15 4 

1C 

1,190 

1020 

None 

10 7 

18 9 

17 

GOO 

1030 

None 

64 

13 8 

18 

1,570 

1 019 

None 

12 7 

78 

19 

1,750 

1 017 

None 

10 8 

75 

20 

9G0 

1024 

None 

10 0 

4 6 

21 

1,470 

1018 

None 

10 5 

3 5 

22 

1,200 

1 018 

None 

91 

0 

23 

1,7C0 

1,750 

1015 

None 

06 

0 

24 

1017 

None 

92 

34 

2") 

1,580 

1019 

None 

94 

85 

20 

1,210 

1022 

None 

86 

62 

27 

1,170 

1022 

None 

10 3 

69 

28 

1,140 

1,270 

1021 

None 

91 

4 6 

20 

1020 

None 

10 7 

50 

30 

1,200 

1 020 

None 

10 2 

54 



Tahi n 3 

— Dafa Collected on 

Feces and Blood 







Blood 






! 

N 

Nonpro 







tern Nitro 






Sugar Mg 

gen. Mg 






per Hun- 

per Hun 



Wciglit 

Nitrogen, 

Fat, 

dred Cubic 

dred Cubic 

Daj 

pit * 

Gm 

Gm 

Gm 

Centimeters 

Centimeters 

1 


81 

1 1 

4 2 



2 


81 

11 

4 2 



3 


84 

11 

4 2 



4 


81 

11 

4 2 

97 

50 

0 


119 

08 

5 4 



0 


119 

08 

54 



7 


119 

08 

54 



8 


119 

08 

54 



9 

bSSj 

119 

08 

5 1 



10 

0 15t 

119 

08 

3 4 



11 

ooot 

221 

1 3 

1 5 

190 

35 

12 


221 

13 

4 5 



13 


221 

13 

4 5 



14 


56 

1 3 

39 



15 


56 

1 3 

39 




* '1 he jhi of the foces ^\Js Tocorded ns follows Sixteenth dny, 7 38, eighteenth, 7 4 
nineteenth, <44, tnenh third, 7.28, twenty seventh, 7 48, twenty ninth, 74 
t Dinrrhen 


169 Gm On the sixth da}', with the addition of 11 Gm of carbohy- 
dialc and a total dextiose intake of ISO Gm , the first trace of ghcosuria 
was obsened and was close to the tolerance of the patient Had this 
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diet (180 Gm of available dextrose) been continued, the subject would 
undoubtedly have excreted several grams of dextrose daily On the 
seventh and eighth days, however, the carbohydrate inclement was 
increased, with increased excretion of dextrose, it was decreased again 
on the ninth and tenth days to 169 Gm of available dextrose Because 
of the lag in the excretion of urinary dextrose, sugar continued to be 
excreted in gradually diminishing amounts to the twelfth day In cal- 
culating the dextrose tolerance (table 4) by averaging the tolerance from 
the fifth to the twelfth day inclusive, we obtained an average tolerance of 
176 Gm Had this period of feeding the basal diet been extended sev- 


Table 4 — Powd of Basal Diet, Caibohydiate Intake, Outgo and 

Toleranee m Giants 


t>ay 

5 

6 

7 

8 

9 

10 

11 

12 

Intake 

155 

180 

213 

240 

201 

1C9 

109 

169 

Outgo 

0 

05 

5 

29 5 

22 7 

14 2 

87 

7 

Tolerance 

155 

179 

208 

210 

178 

155 

Avenge 

160 

Tolerance 

1C2 

176 


Table 

5 — Fust Aitichoke Period, Catbohydi ate Intake, Outgo and 




Tolciance in Giants 



Day 

13 


14 15 16 

17 

18 19 

20 

Intake 

199 


188 188 169 

109 

169 169 

169 

Output 

17 


14 15 19 

14 

S 7 

5 

Tolerance 

182 


174 173 150 

155 

161 162 

164 






Average Tolerance 

165 

Table 6 — Second Aitichoke Peiiod, 

CaiboJtydi ate Intake, Outgo 





and Toleiance in Giants 



Day 

21 

22 

23 24 25 

26 

27 28 29 

30 

Intake 

175 

184 

192 192 191 

169 

169 169 109 

169 

Output 

35 

0 

0 35 85 

6 

7 5 5 

5 

Tolerance 

172 

184 

192 188 183 

163 

162 164 164 

164 






Average Tolerance 

174 


eral more days, with a giadually diminishing output of dextiose, the 
tolerance would have been lowered by 4 or 5 Gm 

Fust At hclioke Pei lod — On the thirteenth day, an addition of dried 
artichokes (given with water), equivalent to 30 Gm of levulose, was 
added to the patient’s diet, and on the fourteenth and fifteenth days 19 
Gm The subject was then returned to the basal diet until the twenty- 
fiist day (table 5) At the first part of this period his tolerance was 
apparently highei than 176, but giadually decreased This again is due 
to the lag in excretion of unused dextrose The average dextrose toler- 
ance for this peiiod is 165 Gm From this data, it is obviously impos- 
sible to show any increased tolerance to dried artichokes 

Second Aifichoke Peuod — A second series of observations were 
made from the twenti-’-first to the thirtieth day during which time the 
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subject was fed 19 Gin of aitichoke powder on the twentj-fiist, 19 Gin 
on the twenty-second and 22 Gin on the twent) -third, on the twent}- 
fouith and on the twent} -fifth (table 6) Again the chaiactenstic lag in 
the exci etion of dextrose was seen That is. at the fii st of the pei lod even 
when the patient is fed at a higher level than Ins tolerance, theie is no 
excretion of dextrose for several days, while after the exci etion of dex- 
trose IS stalled, the excretion lasts foi several days after the subject ceases 
to take gi eater amounts of caibohydiate than he can toleiate The toler- 
ance during this period was 174 Gm , which checks with the tolerance 
of the basal diet period (176 Gm ) Again these data do not show an 
iiici eased toleiance due to the aitichokes An average of the two detei- 
ininations foi tolerance dining the periods the artichokes weie fed was 
170 Gm , which is slightly less than the tolerance to the basal diet alone 
(176 Gin ) In any case, theie is no evidence that diied artichokes are 
toleiated bettei than oidinaiy starch 

SUMMARY 

A diabetic subject on a measured diet gave an aveiage tolerance of 
176 Gm of dextiose daily On the addition of powdered dried arti- 
chokes and over a period of eighteen days, the average tolerance was 
170 Gm No inci eased toleiance due to the addition of artichokes is 
evident, and we conclude that this foim of carbohydiate is not tolerated 
in any gi eater quantities than starch The diffeience in tolerance of 6 
Gm between the artichoke pei lod and the basal diet period is within the 
limits of expel iinental eiror foi this type of expeiiment The average 
daily toleiance foi the entire thirt)’- days of the experiment is 172 Gm 
The long lag in the excretion of dextrose is caused by the fact that the 
available dextiose of the basal diet (169 Gin ) is so close to the aveiage 
calculated toleiance of the patient (172 Gm ) The pn of the feces 
was not appieciabh changed by the addition of caibohydrate in the form 
of dried powdeied aitichokes We conclude that dried powdeied arti- 
chokes hai e no adi antage as a diabetic food 
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Observations were made on the cerebiospinal fluid of patients with 
myxedema before and after the administration of desiccated thyroid 
These observations are presented under three headings ( 1 ) the protein 
content, (2) the distribution of chloride ions between the plasma and 
the cerebrospinal fluid and (3) the rate of flow 

THE PROTEIN CONTENT 

The measurements,- which aie summarized in table 1, show two 
tacts 1 In thirteen of seventeen cases, the protein concentration was 
high during the period of myxedema ® Qualitative tests (the 
ammonium sulphate ring test of Ross and Jones, and precipitation with 
an equal quantity of 95 per cent alcohol) indicated that this was true 
for both albumin and globulin fractions 2 In all but two cases a well 
marked drop in the concentiation occurred as the basal metabolism 
approached noimal, following the administration of desiccated thyroid 
Data on a typical case are plotted in chart 1 In the two cases that 
showed no decrease, the protein content was normal to begin with 

* Submitted for publication, March 15, 1929 
Read at the Meeting of the Boston Societj’- of Neurology and Psychiatry on 
May 17, 1928 

"From the Metabolism and Neurological Laboratories of the Massachusetts 
General Hospital 

1 The fluid was always removed under "basal conditions ” 

2 The method of Denis and Ayer (A Method for the Quantitative Deter- 
mination of Protein in Spinal Fluid, Arch Int Med 26 436 [Oct] 1920) was 
used This is the best quantitative method known, the error being not greater 
than 5 per cent 

3 In a few of the cases showing the higher protein concentrations, there was 
some precipitation in the first six or seven tubes used in the colloidal gold reaction 
The precipitation was usuallv most marked m the “tabetic zone ” The reaction 
usually became normal following the administration of desiccated thvroid 
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Qualitative tests usually showed a decrease in the concentration of both 
protein fi actions, to the point where no precipitate could be seen 

The change persisted as long as the basal nietabohsni was held at a 
normal level b} the administiation of thyroid, but the concentration of 
protein tended to return to its pievious high level nhen the adminis- 
tiation was stopped (chart 1) 

Two obseivations indicated that the protein content of cerebral 
fluid was also gi eater than normal I The protein concentration 
of the fluid obtained after withdrawing large quantities (from 60 to 

Taulp ] — Effect of the Admimst! atton of Desiccated Thyiotd on the Concenhatwn 
of Piotcm and the Bawl Metabolic Rate-* 
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In most of the eases, each figure represents the a-verage of two or more determinations 
made on diflerent da-vs TJie determination of the protein content aias usually made on the 
first ■) oe of fluid romo-\cd from the lumbar region Part of this table vas published in -the 
Journal of Clinical Im estigation O 2ol, 1928 

90 cc ) fiom the lumbai legion was much greater than is found nor- 
ma]h undei these conditions 2 In case 1, a cistein puncture was per- 
foimed, and the piotein content of the fluid obtained was high (130 mg 
pel bundled cubic centimeteis) These facts suggest that m myxedema 
fluid of a high protein content may be filtered through the choroid 
plexus 

A high concentration of protein m cerebrospinal fluid is found in 
so many conditions that in itself it is of little diagnostic significance 
It IS worth} of note, however, that for several months, because of the 
piesence of headaches and ataxia, there was some uncertainty as to 
whether J G (case 1) had myxedema oi a tumor of the brain The 
latter diagnosis vas seemingly corroborated b} the finding of a high 
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pressure as well as a high concentration of protein in the cei ebrospinal 
fluid The appearance of the patient was not charactei istic of the full- 
blown picture of m3'^xedema The administration of desiccated thyroid, 
however, produced a well marked reduction in the concentration of 
protein, as well as a clinical cure 

Chronic nephritis is, of couise, the disease most commonly con- 
fused with myxedema It is of interest that m both diseases one may 
find albuminuria, a high blood pressure and a high concentration of 
protein ^ in the cei ebrospinal fluid 



Chart 1 — A decrease m the concentration of protein in the cerebrospinal fluid 
and an increase in the basal metabolic rate following the administration of 
desiccated thyroid (case 2) The reverse changes occurred when the administra- 
tion was stopped The broken line represents the concentration of protein in the 
cerebrospinal fluid, measured in milligrams per hundred cubic centimeters along 
the vertical scale at the left The solid line represents the basal metabolic rate, 
the percentage being shown by the vertical scale at the right, at the bottom of 
this scale, the Roman numerals represent grains of desiccated thyroid The 
figures along the base of the chart indicate months 

The cause of the high protein content of the cei ebrospinal fluid m 
myxedema is uncertain A few observations already made ® indicate 

4 Lyttle, J D , Rosenberg, L, and Hearn, J E Cerebrospinal Fluid in 
Nephritis, Arch Int Med 39 808 (June) 1927 

5 Thompson, W O , and Alexander, B The Protein Content of the Cere- 
brospinal Fluid in Exophthalmic Goiter, Arch Int Med , to be published 
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that m exophthalmic goiter the concentration is low and increases 
following a subtotal thyroidectomy These obser\ations are possibly 
related m some way to the inciease m deposit piotem m myxedema® 
and Its depletion m exophthalmic goiter ^ The albuminuria frequently 
present m myxedema usually disappears or decreases markedly when 
thyroid is administered The high concentration of protein in the 
cerebiospmal fluid and the albuminuria may be, m pait, manifestations 
of the same pathologic condition, namely, an alteied permeability of the 
capillaiy membranes thioughout the body 

Tablp 2 — The Conccnhalion of ChJoiide in Plasma and Sftnal Fluid Bcfoic and 
Duiinq the Adinintsli ation of Desiccated Thyiotd (Case 16) 
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* Tlio concentration of ivator ms determined by drying a XnovTi amount of plasma to a 
constant Height It was assumed arbitrarily that the specific gniity of plasma was 1028 
before, and 1 020 during the administration of desiccated thyroid 


DISTRIBUTION OF CHLORIDE IONS 

The latio of the concenti ation of the chloride of the ceiebiospmal 
fluid to that of the plasma is often less after the administration of 
desiccated thyioid Data on a typical case are recoided in table 2 
This deciease in the ratio is associated with an increase in the total 
tolume of plasma and in the concentration of plasma watei, and with 
a diminution m the concentration of protein in plasma The obsei- 

6 i\Iagnus-Le\"j', A Aletabolism m Diseases of the Ductless Glands, in 
Aoorden, C ^on iMetabolism and Practical ]\Iedicine, Chicago, W T Keener 
and Companj, ISO/, \ol 3, p 983 Boothb}, W AI , Sandiford, I , Sandiford, 
K, and Slosse, J The Effect of Tlijroxm on the Respiratory and Nitrogenous 
Idetahohsm of Normal and IMj xedematous Subjects, Tr A Am Pins 40 195 
1925 

/ }^Iagnus-Le\^ (footnote 6, first reference) 





372 


ARCHIVES Of INTERNAL MEDICINE 


vation IS in harmony with numerous observations made by Fremont- 
Smith and Dailey,® which suggest that there is a relation between 
vaiiations in the ratio of the chloride content of the spinal fluid to that 
of the plasma and variations in the concentration of protein m plasma 

RATE OF FLOW 

With the patient in the horizontal lateral position, a lumbar puncture 
was performed m the usual manner All readily available fluid was 
slowly drained off until the pressure was zero, and the late of flow 
about uniform All fluid that flowed from the needle was then col- 
lected for an hour This was done frequently on three patients, both 



Chart 2 — The average rate of flow of the cerebrospinal fluid before (cross 
hatched areas) and after (total height of columns) the administration of desiccated 
thyroid The vertical scale at the left shows the number of cubic centimeters of 
spinal fluid obtained The case number appears below its respective column 

before and after the administration of desiccated thyroid The average 
figures for each case under both conditions aie plotted in chait 2 
Owing to the crudeness of the method, we do not feel justified m con- 
cluding that the recorded increase m flow after the administration of 
thyroid is the result of an increased rate of formation We feel, how- 
ever, that the experiments indicate that the administration of thyioid 

8 Fremont-Smith, F , and Dailey, M E Unpublished data, referred to by 
Fremont-Smith, F The Nature of the Cerebrospinal Fluid, Arch Neurol & 
Psj^chiat 17 317 (March) 1927 
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does not decrease the rate of formation of cerebrospinal fluid, as Frazier 
and Peet ” claimed 

SUMMARY AND CONCLUSIONS 

1 The concentration of protein m ceiebrospinal fluid (lumbar) is 
high m most cases of myxedema and usually diops to Mithin normal 
limits following the administiation of desiccated tigroid 

2 The concentiation of piotem in cerebral fluid also appeals 
to lie high, although less than that in lumbar fluid 

3 Owing to the high concentration of protein in the ceiebrospinal 
fluid, myxedema may, in rare instances, be confused with tumor of 
the brain 

4 The latio of the chloiide content of the spinal fluid to that of 
plasma is often less aftei the administration of desiccated thyroid 

5 The rate of flow of ceiebrospinal fluid is not less, and may be 
gieatei after the administration of thyroid 

9 Frazier, C H , and Peet, M M The Action of Glandular Extracts on 
the Secretion of Cerehro-Spinal Fluid, Am J Physiol 36 464, 1914-1915 
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EXTRACT 


W C HUEPER, MD 

CHICAGO 

The literature of recent years contains several reports concerning the 
diuretic eftect of parathyroid hormone (Mason/ Meakins/ Hueper/ 
McCann ■‘) As the mechanism of this action is not known, the report of 
some observations made on the kidneys of dogs given injections with 
parathyroid extract- Colhp may be of mteiest 

Sympathicotonic spastic contractions of the vasa aflerentia of the 
glomeruli are considered by Volhard ® and Jungmann ® as the cause of 
oliguria and anuria m glomerulonephritis and leflex anuna This 
conception has found practical expression in seveial methods used in the 
therapeutic management of these conditions as the anesthesia of the 
splanchnic neives after Kappis (Neuwiit “), general anesthesia to lessen 
the splanchnic tonus, pai enteral injection of blood and protein substances 
to bring about a change m the tonus of the vegetative nervous system, 
denerA'^ation of the pedicle of the kidney to cause an intenuption of the 
renal nervous supply, especially that by the splanchnic nerve, decapsula- 
tion of the kidney to relieve the capsular pressui e and to produce simul- 
taneously a partial denervation of the kidney, a pioceduie warmly 
lecommended by Volhaid 

Duiing the course of expeiiments with dogs leceiving injections of 
parathyroid extract, I made the observation that this hoimone has a 
strong A^agotonic effect, evidenced by a decrease of the pulse rate, 
prolongation of the systole, shortening of the diastole, hyperemia of the 
vessels of the abdominal organs, and intensification of the peiistalsis of 

‘ Submitted for publication, May 24, 1929 

^ From the Department of Patholog}', Loyola University School of Medicine 
and Laboratories of Mercy Hospital 

1 Mason, EH A Case of Chronic Nephritis Treated with Colhp’s Para- 
thyroid Extract, Canada M A J 16 538, 1926 

2 Meakms, J C Reaction of Chronic Nephrosis to Tlwroid and Para- 
thyroid Medication, J A M A 89 149 (July 9) 1927 

3 Hueper, W Metastatic Calcifications in the Organs of the Dog After 
Injections of Parathyroid Extract, Arch Path 3 14 (Jan ) 1927 

4 McCann, W S Diuretic Action of Parathyroid Extract-Colhp in Certain 
Edematous Patients, J A M A 90 249 (Jan 28) 1928 

5 Volhard, F Ueber die Behandlung der Nierankrankheiten, Ztschr f 
Urol 19 5, 1925 

6 Jungmann, P Die Pathogenese der Anurie und die Grundlagen ihrer 
Behandlung, Klin Wchnschr 6 241, 1927 
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the stomach and intestine When the amount of the injected paiath) roid 
extiact was adjusted in such a wa} that the blood calcium le\el was 
laised to about 15 mg in 100 cubic centimeters of blood, a maikedly 
increased excietion of mine was noticed Dogs killed during this stage, 
on histologic examination of the kidneys sho\\ed that the blood \essels, 
especially the glomeiulai cajoillaiies, weie cxtremel} distended with 
blood There weie no othei changes obseived in the kidne}, especially 
no tubulai degeneiations oi calcium precijJitations 

COMMENT 

The conclusion may theiefoie be justified that the inci eased excie- 
tion of urine obseived m these dogs was at least to some extent due to 
the active hjpeiemia of the renal vessels caused by the increased 
vagotonus lesulting fiom the injections of the jDaiathyroid extiact As 
injections of jiaiathyroid extiact are not dangerous to the patient if the 
blood calcium level is piopeily controlled, this method may be tiied for 
relief fiom oliguria and anuiia before moie radical and dangeious 
measuies aie used It may be noted fuithermore that the increase of 
the calcium level m the blood which is fiequently found to be loweied in 
glomeiulonephiitis will have a beneficial effect on the often concomitant 
hypei tension and will help to legulate favorably the heart action Medi- 
cation with paiathyioid extiact may represent a causative treatment m 
leflex anuiia. but is of only symptomatic value in the therapeutic man- 
agement of glomei ulonephritis 
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VIII THE EFFECTS OF INTRAMUSCULAR AND INTRAVENOUS 
ADMINISTRATION OF LARGE DOSES OF MORPHINE 
TO HUMAN ADDICTS 

ARTHUR B LIGHT, MD 

AND 

EDWARD G TORRANCE, MD 

PHILADELPHIA 

Wide variations in the quantity of the diug used and also in the 
frequency of administration to prevent withdrawal symptoms are 
encountered among different human addicts as well as in the same addict 
at various periods during addiction This variation is found not only in 
dosage and frequency of administration, but also in the methods of 
administiation The choice as to the latter in 95 pei cent of our cases 
was the hypodermic method, but sniffing of heroin, oial administration, 
pipe smoking of opium and intravenous administration weie also encoun- 
tered With these vaiiations in mind we admmisteied additional 
amounts, both intramuscularly and intravenously, in oidei to determine, 
first, what physiologic effects are brought about in human addicts by 
quantities greater than those lequiied to prevent withdiawal symptoms, 
second, whether abrupt withdrawal for a peiiod of foity-eight hours 
decreases the intravenous tolerance of the addict, and thud whether these 
additional amounts piolong the period of comfoit on the part of the 
addict 

Samples of blood were analyzed foi moiphme by Di A K Balls ^ 
of the Department of Phaimacology, Univeisity of Pennsylvania, 
immediately following the completion of the injection 

EXPERIMENTAL PROCEDURE 

Five addicts, one of whom was at times accustomed to the intra- 
venous administration of the diug, while the other four used the hypo- 

Submitted for publication, March 5, 1929 

From the Narcotic Wards of the Philadelphia General Hospital 

’^Expenses of this committee were defrai'ed by the Committee on Drug 
Addictions, New York City, and were carried out under the guidance of the 
Philadelphia Committee for the Clinical Study of Opium Addiction in the 
Narcotic Wards of the Philadelphia General Hospital which were placed at our 
disposal through the courtesy of the Director of Public Health, City of 
Philadelphia 

1 Balls, A K, and Wolff, W A The Determination of Morphine, J Biol 
Chem 80 379 (Dec) 1928 
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denmc method, volunleeied as subjects for the experiments planned 
All of the expeumeiits, whether the diug was gnen mtiamusculaily oi 
mtiavenously, weie made while the patients weie lechnmg m bed for 
at least half an hour without having had bieakfast Except m the cases 
111 which morphine was withheld foi a peiiod of forty-eight houis, the 
legulai dosage was given intramusculaily, usually about 8 30 a m 

The raoiphme sulphate solution used m these expeumeuts was espe- 
cially piepaied by the depaitinent of pharmacology of the Umveisit} of 
Pennsylvania in an isotonic solution of sodium chloride, 5 cc containing 
2 giains (0 13 Gm ) of moiphme sulphate When the diug was given 
mtiamusculaily, the point of injection was usually over the anterioi 
pait of the chest or in such aieas as appealed to be fiee fiom lecent 
injections The mtiavenous admmistiation was always gnen into the 
median basilic vein In all cases of mtiavenous admmistiation, 2 giains 
was given at each injection, except in one case following a peiiod of 
withdiawal foi foity-eight houis, when at the close of the expeiiment 
the dosage foi se^elal injections was laised to 4 grains (0 26 Gm ) 

The obseivei who administeied the diug repoited the geneial 
behavioi and coloi of the skin of the subject, as well as any lemarks on 
his pait Anothei obseivei confined his attention to the blood piessure, 
a thud to the counting of the pulse and a fointh to the respiiations 
The figuies foi blood piessuie aie the aveiage foi as many as could be 
accuiately taken in a five minute period The figuies foi pulse late and 
lespiiations aie the averages of a five minute count In the piotocols 
of two expeumeuts gnen in this paper aie found the actual figures and 
the lemaiks made by the addict dining the entire peiiod of administra- 
tion Samples of blood foi the analyses lepoited weie taken just befoie 
the administiation of the diug was begun and, as a rule, about fifteen 
01 twenty minutes following the last dosage In foui cases, electro- 
caidiogiaphic studies weie made piecedmg the administration and imme- 
diate!) following the last dosage given 

Ihe actual time lequiied for each injection of 2 giams vaiied fiom 
one minute and twenty seconds to foiii minutes and twenty-two seconds, 
depending on the leaction of the patient 

RESULTS 

Tables 1, 2 and 3 contain the data obtained fiom the various expeii- 
ments Chait 1 shows graphically the changes m blood piessuie, 
1 espii ation and pulse i ate obtained m an experiment m which 30 grains 
(1 95 Gm ) of moiphme sulphate was given intrai enously to an addict 
01 ei a peiiod of two houis and twenty-four minutes, he haiing pieii- 
oiisly leceived his noimal dosage of 17 giains (11 Gm ) in twenty-four 
hours Piotocols 1 and 2 give the actual deteimmations of blood pres- 
suie, pulse and respiiaton rates duiing the mtiavenous administration 



Table 1 — The Effects of the Advnmsti atwn of Additional Amounts of Moiphine 
Sulphate Inti amusculaily to Human Opium Addicts 



Dosage 


Respira- 




Sugar, 

Urea 

Dry 

Time 

of 


tions 

Pulse 

P-R 


Mg 

Nitrogen, 

Matter 

and 

Drug, 

Blood 

per 

per 

Interv il. 

pu of 

per 

Mg per 

of Wholi 

Case No 

Grains 

Pressure 

Minute 

Minute 

Seconds 

Blood 

100 Cc 

100 Cc 

Blood 

Case 26-35 










9 55 a m 


104/61 

10 

55 

0 155 

7 33 

90 

11 

20 40 

9 57 a m 

5 

104/61 








11 11 a m 

0 









11 53 a m 

6 









Total 

17 









12 00 noon 


101/55 

9 

60 

0160 

7 32 

92 

10 

1916 

Case 26-85 










9 50 a m 


90/08 

8 

66 

0156 

7 40 

80 

12 

20 23 

9 56 a m 

3 









10 56 a m 


98/60 

8 

60 






11 14 a m 

4 









11 52 a m 

4 









Total 

11 









12 29 p m 


102/64 

10 

oS 

0 172 

7 38 

90 

9 

19 09 

Case 26-39 










10 34 a m 


116/68 

14 

60 






10 3o a m 

5 









11 07 a m 


10S/G2 

13 

59 






11 10 a m 

5 









Total 

10 









11 31 a m 


106/64 

14 

60 







Table 2 — The Effects of the Administi ation of Additional Amounts of Moiphine 
Sulphate Intiavcnoiisly to Human Opium Addicts 


Percentage 
Oxygen Satura 
Dry Content tion of 


Case No 

Pulse 

Respira- 

tions 

Blood 

Pressure 

PR 

Interval, 

Seconds 

Hemo 

globin 

Matter 
of Whole 
Blood 

Of 

Venous 

Blood 

Oxygen of 
Venous 
Blood 

pa of 
Blood 

2621 

Before injection 

85 

22 

126/68 

0176 

14 9 

20 83 

93 

624 

7 45 

After injection 

63 

18 

118/76 

0184 

14 4 

20 27 

11 3 

78 5 

7 41 


14 grains, 2 hours* 

26-39 

Before injection 60 14 115/68 0 160 

After injection 62 14 116/68 0160 

so grains, 2 hours 23 minutes* 


26-56 

Before injection 72 12 

After injection 73 11 

6 grains, 1 hour 37 minutes 


Erythrocytes Leukocjtes 
117/69 4,560,000 6,600 

122/70 4,640,000 5,800 


* Analysis of the blood for the presence of morphine sulphate bj Dr Balls (J Biol Ohem 
SO 379 [Dec ] 1928) of the Department of Pharmacology, University of Pennsylvania, resulted 
m the finding of less than 1 mg per 25 cc of blood, equivalent to approximately 4 grains in 
total blood 
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of moiphme sulphate to the same addict dunng his regulai dosage and 
following a forty-eight houi period of withdiawal The protocols also 
contain the remarks of the patient as well as such obseications as weie 
deemed impoitant 

In the tlnee cases m which the moiphme was admimsteied intiamus- 
cularly in dosages of six, four and thiee times the amount to which 
the addicts were accustomed, no significant changes in the pulse, lespiia- 
tion, blood piessure, P-R inteival, blood leaction or blood content m 
diy matter, uiea mtiogen or sugar could be found In one case the 
blood piessuie fell from 116 systolic, 68 diastolic to 106 systolic, 64 
diastolic, but in anothei it rose fiom 90 systolic, 68 diastolic to 102 
systolic, 64 diastolic, in the third, the change was within the eiior of 
1 eadmg 



r/MS 


Effect on pulse rate, blood pressure and respiration of 30 grains (1 95 Gm ) of 
morphine sulphate given intravenously to a human addict over a period of two 
hours and twenty-four minutes The shaded areas indicate the time of injections, 
of 2 grains each 

When the diug was administered intiavenously to thiee diffeient 
patients in dosages of seven, nine and six times the usual quantity, there 
nas no change in the pulse late, respiiation and blood pressure in two 
Hemoglobin, the dry matter of the whole blood and the blood reaction 
showed no significant change in the one case in which analysis of the 
blood was made In one addict given nine tunes the usual dose, the 
P-R interval remained the same but in the subject guen seven times 
the usual dosage it nas prolonged from 0 176 to 0 184 second In the 
latlei case however the pulse late dropped from 85 to 68 per minute, 
the blood piessure fell from 126 systolic, 68 diastolic to 118 si'stohc. 
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76 diastolic, and the respirations from 22 to 18 per minute This patient 
(case 26-21) showed definite signs of fear before the injections weie 
begun As the injections pioceeded and no untoward results weie felt, 
whether because of the action of the drug oi not, this addict showed 
less appi ehension, which we believe to he the factoi in these changes 
The peicentage of oxygen satuiation of the venous blood taken fiom the 
same vein at the elbow lose fiom 62 4 to 78 5 A count of the led and 
white blood cells made m one case showed no change 

Table 3 — The Effects of the Admimst) ation of Moiphtne Sulphate Inti avcnously 
Following a Foity-Eight Honi Wtihdiawal Penod in Human Opium Addicts 


Case 20-21 Case 20-39 

A _ ■ X 

At the End Eollon ing At the End Following 
of -18 Hours Administru of 48 Hours Admmistrn 
Withdrawal tion of the Withdrawal tion of the 

Before Morphine Before Morphine 

Administra- Sulnhate, ‘Idministr'i Sulphate, 

tion of the 11 Grains, tion of the 20 Grains, 
Morphine m 1 Hour Morpnme m 53 
Sulphate 10 Minutes Sulphate Minutes* 


Pulse 

80 

DO 

72 

79 

Hespirations 

21 

18 

11 

11 

Blood pressure 

132/74 

122/70 

109/04 

102/03 

Erytbroeytes 

5,150,000 

5,550,000 

5,240,000 

5,420,000 

Leucocytes 

Differentnl count 

10,800 

12,200 

13,300 

12,700 

Pol} morpbonuclears 

77 

79 

76 

73 

Lymphocytes 

20 

19 

21 

25 

Transitionals 

2 

1 

3 

2 

Basophils 

1 

0 



Large mononuclears 

0 

1 



Baskets 

4 

5 



Ameth 





Old 

cs 

61 

OS 

67 

New 

32 

39 

32 

33 

Fragility 





Complete 

30 

30 

32 

30 

Partial 

44 

44 

48 

48 

Coagulation 

2 min 

1 mm 50 sec 

2 mm 

1 min 40 sec 

Pll 

7 44 

7 39 



Carbon dioxide capacity 

54 

50 



Hemoglobin 

101 

10 9 



Percentage of saturation 

of oxygen of 




venous blood 

01 7 

84 1 



Dr} matter of whole blood 

22 23 

22 50 



Dr} matter of plasma 

9 59 

901 




* Analysis of the blood for the presence of morphine sulphate by Dr Balls of the Depart 
ment of Pharmacology, University of Pennsjhania, resulted m the finding of less than 
1 mg per 25 cc of blood 


The two cases studied dining the intravenous injection of moiphine 
sulphate following a withdiawal penod of forty-eight hours both showed 
rises in the pulse rate and a slight fall in the piessuie Respirations 
decreased slightly in one and remained the same in the other Theie 
was a rise m the number of led blood cells of 400,000 pei cubic 
millimeter in the one case and of 180,000 in the othei The white blood 
cell count per cubic millimeter of blood fell slightly in one and lose 
correspondingly in the other 

The differential counts, Arneth counts and the fragility of the cells 
as well as the coagulation time remained practically the same In one 
case, the dry matter of the whole blood rose slightly as did the hemo- 
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globin, but the diy matter of the plasma remained the same The blood 
pii fell from 7 44 to 7 39 , the carbon dioxide capacity remained the same 
Theie was a use of from 617 to 841 in the percentage of oxygen 
satuiation of venous blood diawn from the vein 

The behavioi of the addicts following the large doses gnen both 
intiavenously and mtramusculai ly is of considerable mteiest In the 
three cases studied following mti amuscular injection, it was impossible 
to detect any change in appeal ance One addict stated that he felt 
“loaded”, the other two expressed their feelings as being unchanged 
during the injections There was no evidence of diowsmess Intel est 
was shown in the suiioundmgs, and an occasional cigaret was smoked 
One subject lead the newspaper when obseivations weie not being taken 
All thiee lequested their usual dosage at the next legiilar inteival and 
ate their i egular meals 

Two of the three addicts who acted as the subjects for mtraienous 
injections of morphine dining i egular admimstiation seived also as the 
subjects for the intravenous administration following a forty-eight houi 
withdiawal period The patient in case 26-39 had occasionally used the 
intiavenous method of admimstiation during addiction outside the waid 
but while 111 the waid was given the drug hypodeimically 

Dining the intiavenous admimstiation of the diug duimg the peiiod 
of regulai dosages, the patients m cases 26-21 and 26-56 complained 
at times of itching and severe tingling in the extiemities, back of the 
neck and face, as well as over the anteiioi pait of the chest, which would 
last foi a minute oi two while the diug actually was being injected At 
one time duiing the injection, the addict m case 26-21 complained bit- 
teily of a pain m his head as if he “weie hit m the head with a baseball 
bat” and again, as he expiessed it, “as if someone weie jabbing his 
knuckles in the back of my head ” Yet a few minutes latei he would 
state that he felt fine and was as well as if he had neiei taken diiigs in 
his life At the time that the patients stated that they expeiienced these 
sensations, no changes could be noticed by the obseivers m the jDulse 
late, lespiiation and blood piessuie, although theie appealed to be an 
inci eased redness of the face, neck and anteiior part of the chest On 
the othei hand, the addict in case 26-39 who leceived by far the laigest 
doses dining the intiavenous admimstiation scaicely felt any of the 
sensations desciibed by the other two It is tiue that he had at times 
been accustomed to intiavenous admimstiation and he said that he vas 
familiar with these sensations but that he felt them onl}" slightl} and 
not enough to annoy him 

Piotocol 2 gives m detail the obseivations and remarks of patient 
26-39 during the intiavenous admimstiation following the forty-eight 
hoiii withdrawal peiiod They need no comment, except again to call 
attention to the fact that dining the last dose of 4 giains the subject 
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requested a hpodeimic injection into the muscle The expeiiment was 
finished at 11 05 a m, at which time he was given 3 giains hypo- 
deimically At 3 p m , he requested another hypodermic injection of 
3 giains Between these two intervals, he was about the ward as usual, 
1 ead a newspaper and ate a hearty lunch 

The reaction of patient 26-21 who received 11 giams intravenously 
m one hour and sixteen minutes following a forty-eight hour withdiawal 
period was similar to that in patient 26-39 He was considerably more 
nervous than patient 26-39 The violent twitching of the labial muscles 
present before the injections weie begun became considerably less evi- 
dent only after the seventh giain was injected, at an interval of one 
hour and six minutes after the injection of the first two grains These 
twitchings were still slightly present after the last dosage of a total 
of 11 grams This patient complained at times of feeling on fire and of 
“that awful tingling m the body ” However, careful observations of 
blood pressure and pulse and lespiiation rates again showed no marked 
changes during these complaints His face and neck and the anterior 
part of the upper half of the chest also showed the biilhant led color 
found in case 26-39, and he scratched this area at frequent intervals 
At the end of the expeiiment he complained of feeling drowsy, but he 
immediately got up from the bed, started conversing with several other 
addicts and ate his regular lunch He slept foi a shoi t interval following 
his lunch, but at 4 p m requested his usual dosage of 2 grains of 
morphine hypodermically 

PROTOCOLS 

Protocol l(case 26-39) — The hibavcuons Admimsti atioii of 30 G7ains 
(1 9 Gm ) of Moiphine Sulphate m Two Hows ajid Twenty-Four Minutes 

This subject, aged 29, had been addicted to the use of the drug for 13 years (^) 
He was 5 feet 10j4 inches (179 cm ) tall and weighed 220 pounds (99 7 Kg) He 
had received a dosage of morphine sulphate of from 21 to 25 grams (1 36 to 
1 62 Gm ) per twenty-four hours m the ward for the last five days On the day 
of the experiment, Feb 14, 1927, the patient did not receive breakfast 



8 30 a m 

Morphine sulphate. 

4 grains 

(0 26 Gm ) given hypodermically 


8 45 a m 

Patient reclining in bed 





Blood 


Pulse 



Time 

Pressure Respiration 

Rate 

Remarks 

9 

26 a m 





9 

27 15 seconds 

118/70 

14 

60 


9 

27 55 seconds 

116/68 

14 

61 No comment on part of 






patient 

9 

28 37 seconds 

114/68 

14 

58 


9 

29 25 seconds 

114/68 

14 

58 


9 

30 10 seconds 

116/68 

14 

58 


9 

44 a m Intravenous injection 

of 2 grams (013 

Gm ) morphine sulphate 


begun 





9 

4422 seconds 

126/74 


60 
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Blood 


Pulse 



Time 

Pressure Respiration 

Rate 

Remarks 

9 

45 08 seconds 

126/74 




9 

45 10 seconds 




Felt a little tingling sen- 






sation “1 have not got 






the kick yet ” 

9 

45 4d seconds 

124/72 


70 


9 

4625 seconds 

124/74 




9 

4636 seconds 




Did not feel anything 

9 

47 01 seconds 

118/70 


64 


9 

47 49 seconds 

122/70 


68 




Injection finished 




9 

49 07 seconds 

116/70 

12 

65 


9 

50 12 seconds 

114/70 

15 

63 


9 

51 07 seconds 

116/68 

15 

61 


9 

51 49 seconds 

112/68 



Patient did not feel the 






slightest thing “No kick 






at all ” 


9 55 a m Second dosage of 2 grams of morphine sulphate, intravcnouslv, 




begun 




9 

56 0$ seconds 

118/68 

IS 

60 


9 

56 46 seconds 

118/68 




9 

57 29 seconds 

114/70 

15 

64 


9 

58 24 seconds 

114/68 

11 

64 




Injection finished 



Patient dozed 

9 

5926 seconds 

116/70 

9 

64 

“How do you feeH” “Just 






flushing up a little, that’s 
all ” 

10 

00 37 seconds 

114/68 

15 



10 

04 a m Third dosage of 2 

grams 

of morphine sulphate, intravenously, 



begun 




10 

04 49 seconds 

118/70 

14 

64 


10 

05 34 seconds 

114/70 

14 

64 


10 

06 25 seconds 

114/68 

13 

64 


10 

07 16 seconds 

114/70 

13 





Injection finished 




10 

08 11 seconds 

114/68 

14 

64 

Patient denied any feeling 






of tingling or flushing 
up “1 do not feel any 
different, just the same’’ 

10 

08 54 seconds 

116/70 




10 

0947 seconds 

116/70 

12 

64 


10 

12 a m Fourth dosage of 2 

grains 

of morph 

me sulphate, mtravenoush , 



begun 




10 

12 56 seconds 

116/68 

15 

64 


10 

13 58 seconds 

114/68 

IS 

60 


10 

15 02 seconds 

112/66 

14 

60 


10 

15 54 seconds 

108/68 

14 

64 




Injection finished 



Patient still said, “1 feel 


all right ” 



384 

ARCHIVES OF 

INTERNAL MEDICINE 



Blood 



Pulse 



Time 

Pressure Respiration 

Rate 

Remarks 

10 

16 55 seconds 

110/66 

13 


64 


10 

20 a m Fifth dosage of 2 

grams 

of 

morphine sulphate, intravenously. 



begun 





before start 

114/70 

11 


60 


10 

21 26 seconds 

110/68 

11 


64 


10 

22 15 seconds 

110/68 

12 


64 


10 

23 24 seconds 

108/68 

13 


66 




Injection finished 





10 

24 06 seconds 

112/70 





10 

25 00 seconds 

112/70 




Patient felt drowsy, dozed 







just sitting up in chair 
smoking Said he was 
not hungry 

10 

25 48 seconds 

112/68 





10 

30 a m Blood drawn 





10 

50 a m Sixth dosage of 2 

grams 

of 

morphine sulphate, mtravenouslv. 



begun 





10 

5039 seconds 

124/70 

16 


64 


10 

51 30 seconds 

120/68 

16 


64 


10 

52 15 seconds 

118/68 

IS 




10 

53 01 seconds 

118/68 







Injection finished 




Patient still denied any 







sensations “I feel all 
right ” 

10 

S3 42 seconds 

118/68 

13 


66 


10 

54 30 seconds 

118/68 

13 




10 

56 a m Seventh dosage of 2 grains of morphine sulphate, intravenously, 



begun 





10 

5604 seconds 

118/70 





10 

5644 seconds 

116/68 





10 

5731 seconds 

114/70 

16 


64 


10 

58 16 seconds 

114/70 

16 


62 


10 

59 02 seconds 

112/72 

15 


64 

‘T feel all right No, 1 







have not felt any ting- 
ling” 



Injection finished 





10 

59 53 seconds 

114/72 

15 


66 


11 

04 a m Eighth dosage of 2 

grains 

of 

morphine sulphate, intravenously, 



begun 





before start 

118/70 





11 

04 40 seconds 

118/70 





11 

05 40 seconds 

118/72 

IS 


60 


11 

0623 seconds 

118/68 

14 


60 


11 

07 03 seconds 

Injections finished 




11 

07 08 seconds 

116/70 

15 


60 

“1 feel all right ” 

11 

10 a m Ninth dosage of 2 

grams 

of 

morphine sulphate, intravenously. 



begun 





11 

1041 seconds 

116/74 





11 

11 16 seconds 

112/74 

14 


60 
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Blood Pulse 



Time 

Pressure Respiration 

Rate 

Remarks 

11 

12 01 seconds 

116/70 


“That’s the time I felt it ” 





Itching around face and 
at back of neck 

11 

12 58 seconds 

116/70 14 

60 


11 

13 59 seconds 

Injection finished 




Patient lay on the bed most of the time with his eyes closed 
Looked peaceful enough Was not mueh interested in the 
actions going on around him “What am I thinking about 
“Oh, nothing, just resting Just thinking of things in gen- 
eral, nothing in particular I am perfectly satisfied I am 
thinking of what I am going to eat” “Oh, no, I do not 
think I could stay this way the rest of my life ” 

11 18 a m Tenth dosage of 2 grains of morphine sulphate, intravenously, 
begun 


11 

18 52 seconds 

116/70 



11 

19 35 seconds 

116/70 

14 

60 

11 

20 IS seconds 

114/70 

13 


11 

20 54 seconds 

Injection finished 



11 

21 04 seconds 

114/72 

13 

66 


11 22 a m Blood drawn 


11 

43 a 

m 

Eleventh dosage of 2 grains of morphine sulphate, intravenouslv, 




begun 



11 

43 22 

seconds 

118/70 



11 

43 56 

seconds 

118/68 

16 

60 

11 

4440 

seconds 

114/68 

15 

60 

11 

45 25 

seconds 

112/70 

15 

60 Patient said he felt the 


“pins and needles” ^light- 
ly that time 

11 46 04 seconds Injection finished 
11 46 10 seconds 114/70 

11 48 a m Twelfth dosage of 2 grains of morphine sulphate, intravenously, 
begun 

11 4812 seconds 118/76 14 60 

11 49 01 seconds 118/76 14 60 

11 49 57 seconds 114/74 

Injection finished 


11 50 30 seconds 116/76 

11 54 a m Thirteenth dosage of 2 grains of morphine sulphate, intravenouslj , 




begun 




before start 

122/78 




11 

54 52 seconds 

118/78 

14 

60 


11 

55 42 seconds 

118/80 

13 

60 


11 

56 00 second 

Injection finished 



“Outside of that little 






tingling sensation, I don’t 
feel an> thing” 

11 

56 20 seconds 

118/78 




12 

00 noon Fourteenth dosage of 2 

grains of 

morphine sulphate, intravenouslv. 



begun 




before start 

118/78 




12 

0046 seconds 

116/78 




12 

01 35 seconds 

118/76 

13 

60 
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Blood Pulse 

Time Pressure Respiration Rate Remarks 

12 02 22 seconds 116/74 13 62 

12 0248 seconds Injection finished 
12 03 04 seconds 116/74 13 

12 06 p m Fifteenth dosage of 2 grains of morphine sulphate, intravenously, 
begun 

12 06 42 seconds 118/78 

12 07 20 seconds 116/76 14 62 

12 07 52 seconds 116/78 

12 0824 seconds Injection finished 

12 08 29 seconds 116/78 15 62 

12 45 p m Blood drawn 

12 47 p m Electrocardiogram 

Twice during the experiment, the patient asked for and received a 
glass of water 

Protocol 2 (case 26-39) — The Intiavenous AdminisU atton of 20 Giains (13 
Gm ) of Motplime Sulphate m a Peitod of Fifty-Six Minutes FoUoivmg a With- 
diawal Penod of Foi ty-Eight Homs 

This subject, aged 29, had been addicted to the use of the drug for years (^) 
He tvas 5 feet 10j4 inches tall and weighed 216 pounds (98 Kg ) The daily 
dosage in the ward for the last twenty-three days has been from 21 to 25 grains 
of morphine sulphate per twenty-four hours , eighteen days previous to this 
experiment he received 30 grams of morphine sulphate intravenously m a period 
of two hours and fifty-three minutes For the past forty-eight hours, the drug 
had been withheld 

At 9 27 a m , the patient was reclining in bed The visible signs of withdrawal 
were frequent yawning, lacrimation, dilated pupils, slight cough, difficulty in 
breathing through the nose, occasional tremor of the right leg and extreme ner- 
vousness manifesting itself mostly in begging for the experiment to begin The 
subject appeared to be suffering with a severe cold No rise in temperature 
occurred 



Blood 


Pulse 

Time 

Pressure 

Respiration 

Rate 

Remarks 

9 32 25 seconds 

110/64 

11 

75 

Yawned 

9 33 01 seconds 

110/66 

12 

74 


9 33 36 seconds 

108/62 

12 

74 

Yawned 

9 34 08 seconds 

110/64 

12 

70 


9 3447 seconds 

110/64 




9 36 a m 



72 

Coughed 

9 38 a m 





9 3840 seconds 

110/64 




9 39 18 seconds 

110/66 

16 

71 


9 4005 seconds 

110/64 



Coughed 

9 40 35 seconds 

110/64 

16 

75 


9 41 10 seconds 

112/64 



Yawned 

9 41 18 seconds 


14 

76 

Coughed 

9 41 54 seconds 

114/66 




9 42 35 seconds 

112/64 

16 

73 


9 42 40 seconds 




Coughed 

9 43 23 seconds 

112/68 

14 

72 

Yawned, moving feet 
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9 

9 

9 

9 

9 

9 


45 a m 
49 a m 
52 a 
58 a 


m 

m 


Blood Pulse 

Time Pressure Respiration Rate Remarks 

44 05 seconds 112/68 Yawned, moving feet 

44 a m Coughed and yawned 

Testing of reflexes of knees 
Blood drawn 
Yawned 

Patient rose up m bed in anticipation 

Yawned and said “Give me the shot and a damp towel for the 
back of my neck, that’s all ’’ Yawned twice more 
How do you feeP” “I am aching all over and yawning I feel 
sick at my stomach There’s nothing quiet about me My nose 
feels stopped up I could vomit Gagging, that’s what that 
cough IS, but the minute you shoot it in the vein I will feel 
better ’’ 

First dosage of 2 grams of morphine sulphate, intraveneously, 
begun 


10 00 a m 


10 02 a m 


10 05 a m 


10 05 12 seconds 
10 06 05 seconds 
10 06 12 seconds 


116/68 

114/66 


24 


70 


10 07 01 seconds 


10 07 13 seconds 
10 07 45 seconds 


116/64 


Injection finished 

110/66 


12 


72 


“I feel It now — my nose is 
cleared up No other 
sensation My nose has 
stopped running It 
dries right up ’’ 

No other sensations No 
tingling or pain in back 
of reck “You are going 
too slow ’’ 


12 

11 


10 11 a m Second dosage of 2 grains of morphine sulphate, intravenously, 
begun 


before start 
10 11 15 seconds 
10 11 57 seconds 
10 12 12 seconds 


112/68 

114/66 

116/68 


12 


72 


10 12 28 seconds 


10 12 56 seconds 

10 13 35 seconds 
10 16 a m 


“I can feel it now Through 
the shoulders Sort of 
pulls together Y’’our 
nerves get quiet I feel 
warmer now ” 

“My cold has gone now 
Eyes are not watering, 
but you do not get re- 
lieved, not 3 et Twitches 
have not gone yet Only 
m that right leg ’’ 


112/70 

Injection finished 
112/76 


11 


11 


72 


72 


10 


Third dosage of 4 grains of morphine sulphate, intravenouslj , 
begun 

1625 seconds 108/68 
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Blood 

Pulse 



Time 

Pressure Respiration Rate 

Remarks 

10 

16 55 seconds 

112/70 

20 80 

“My knees are beginning 





to relax ” 

10 

17 23 seconds 


12 (J4 mm ) 


10 

17 30 seconds 

112/68 

80 


10 

18 20 seconds 

112/68 


“Twitching of legs and 





knees I have that 
twitchy feeling m just 
that right leg ” 

10 

19 14 seconds 



“Now I am just getting 





that ‘weight’ m my 
stomach ’’ 

10 

19 20 seconds 

108/70 


“I am beginning to flush 





up You don’t get that 
pins and needles when 
you go so slow ’’ 

10 

1926 seconds 


80 


10 

20 26 seconds 

110/68 



10 

20 55 seconds 



“Now I got that tinge that 





sort of makes your face 
and hands swell up” 



Injection finished 



10 

21 20 seconds 

108/68 


Patient’s ears were ex- 


10 24 a m Fourth dosage of 4 grams of 
begun 


tremely red but he said 
that they did not burn 
morphine sulphate, intravenously, 


10 24 30 seconds 
10 25 25 seconds 
10 25 30 seconds 

10 25 34 seconds 


10 26 15 seconds 
10 27 25 seconds 

10 27 35 seconds 

10 28 30 seconds 


112/68 

13 

62 

Patient denied feeling 

108/68 

110/68 

12 

84 

drowsy “I feel better 
than I did, yes ” 

“Could I stand more ^ Sure, 
your nerves seem to eat 
it right up as soon as 
you get it ” 


11 

86 

“I feel a little tingling m 

108/66 

Injection finished 
106/68 

11 

86 

the back of mv neck ” 


Patient complained of severe itching and sat up in bed scratch- 
ing himself violently on the face, which was flushed He 
complained of that tingling sensation over this area 
A brilliant red flush was now noted over the face, neck and 
upper part of the chest anteriorly This did not extend 
to the arms or the lower part of the chest and was not noted 
elsewhere Patient complained of a terrific itching over 
the red area , this Avas especially marked at the back of the 
neck He rubbed and scratched furiouslv for about five 
minutes and for the rest of the experiment the itching was 
present, but in a lesser degree 
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Blood Pulse 

Time Pressure Respiration Rate Remarks 

10 43 a m Reflexes of both knees and ankles were tested by Dr Stanley Cobb 
of Boston, who expressed the opinion that they seemed actue 
enough and appeared practically normal 

10 48 a m Fifth dosage of 4 grains of morphine sulphate, intra\enoush, 
begun 

lO 49 01 seconds 104/64 76 

lO 4943 seconds 102/64 

10 49 50 seconds 


10 5021 seconds 102/62 

10 50 45 seconds 


Patient lay with closed ejes 
and when asked about 
his thoughts said “I 
was just thinking about 
McCarthy, another 
patient here, that’s all ” 

“How do you feeP’’ “All 
right My nerves arc all 
right Yes, I could stand 
another shot ’’ 


10 50 55 seconds 
10 51 55 seconds 


10 52 55 seconds 


10 58 a m 


ds 102/64 

ds 102/62 80 

Injection finished 

ds 102/64 78 

Patient scratched the palm of his right hand He said ht was 
hungry “No, the weight in my stomach has gone That 
lasted only a very few minutes It was a depressed feeling 
dowm there, something heavy down there ’’ 

Sixth dosage of 4 grains of morphine sulphate, mtra\cnousl\, 
begun 


10 58 20 seconds 
10 59 02 seconds 
10 59 25 seconds 


104/64 

102/64 


10 5942 seconds 

11 00 15 seconds 
11 0040 seconds 


102/64 

104/66 


11 01 05 seconds 


102/64 


T feel all right now' and 
have for the last ten 
minutes I would like a 
hypo in the muscle I 
will w'ait for fifteen 
minutes though ” 


Felt kind of dr> in the 
mouth (He asked for a 
glass of water ) “My 
nose IS all free and every- 
thing now I am not 
coughing and my stom- 
ach IS all right Y’es, I 
am comfortable now ” 
“No, I am not drows\’’ 
(although patient spoke 
slowl}) “Warm^” “Yes, 
but not too w arm ’’ 
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Blood Pulse 

Time Pressure Respiration Rate Remarks 

11 01 59 seconds 102/64 80 

11 02 43 seconds 102/62 Felt a tingling in the jaws 

— just an Itching back 
there, that was all 

Injection finished 

11 03 14 seconds 102/62 80 

Patient did not complain of a headache but said that he would 
like a hypodermic injection into the muscle because “you 
usually get one when you get it in the vein like this, and it 
goes so slow ” He denied that he had a headache now, 
however 

COMMENT AND LITERATURE 

We have demonsti ated in the foiegoing expeuments that m the 
addicts who acted as subjects moiphine was toleiated in far gi eater 
amounts than those lequiied to pi event withdiawal symptoms The 
mti amuscular dosages were three, four and six times the amounts 
usually given, while the intiavenous dosages were six, seven and nine 
times the usual quantities In the two cases in which the regular dosage 
was abiuptly withdrawn foi a period of forty-eight houis, the tolerance 
for intiavenous doses was still piesent, m one case 20 grains (13 Gm ) 
being administered m fifty-six minutes and m the othei 11 grains 
(0 7 Gm ) 111 one hour and sixteen minutes These additional quanti- 
ties did not prolong the period befoie the addict again requested his 
drug This is contraiy to the statement of Bishop,” who claimed that 
additional quantities prolonged propoi tionately the mteival between 
demands for the drug 

The physiologic changes brought about by these additional amounts 
taken as a whole may be regaided as practically negatn'-e In case 26-21, 
there was an increase in the venous oxygen of the blood diawn fiom the 
median basilic vein following administiation of these large quantities 
compaied to that piesent while the addict was leceivmg his regular 
dosage and also following the abrupt withdrawal period All the intra- 
venous experiments weie accompanied by a distinct flushing of the face, 
neck and uppei part of the chest anteiiorly All the addicts complained 
of feeling more or less warm, as well as “loaded ” Careful studies of 
the blood pressui e and pulse rates did not reveal any essential differences 
accompanying the sensations described by the addict 

The question naturally follows, “What has become of this additional 
moiphme and why has it been ineffective in pioducmg any pronounced 
physiologic changes^ Failuie of absoiption cannot be considered, as in 

2 Bishop, Ernest S The Narcotic Drug Problem, New York, The 
Alacmillan Company, 1921, p 33 
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fne expeuments the chug was gnen mtiavenousl) most of it ha\mg 
left the cnculatiou at the conclusion of the injections, as Dr Balls was 
ahle to find less than 1 mg in 25 cc of blood Failure to bring about 
any obvious changes in the lespnation and the absence of any tendenc} 
to sleep on the pait of the addicts piove the ineffectiveness of these 
laige doses in bunging about the normal phaimacologic action of moi- 
phme on the cential nervous system Seveial conclusions aie to be con- 
sideicd m this lespect Fust, the additional amounts have no effect on 
the cential nervous sistem, the lattei having become tolerant to large as 
well as to small amounts , second, the additional amounts must be eithei 
lapidly excieted oi removed from the blood by tissues other than those 
of the cential neivous system and destro>ed, oi chemically bound and 
made meit, and sloivly letuined to the blood foi excietion The lattei 
conclusion is that of Teiiuchi and Kai,^ who woiked with rabbits 

Faust attiibuted toleiance m dogs addicted to moiphine to a 
mechanism developed m them w'hich lapidly destio 5 'ed the morphine, as 
he w^as unable to lecovei any in then feces Rubsamen^' agieed wnth 
Faust that theie w'as inci eased destiuction but w^as able to lecoiei suf- 
ficient moiphme fiom toleiant lats to kill nontoleiant lats Rubsamen 
concluded, then, that theie must be not only an inci eased destruction 
but also an mci eased toleiance on the pait of the cential neivous system 
Teiiuchi and Kai ^ lecoveied quantities of moiphme from the muscles 
and small amounts fiom the liver and biain of addicted rabbits In 
then conclusions, Teiiuchi and Kai stated “We ventuie to conclude 
that the moiphmism is due to the acquiied powei of the living organism 
to destioy moiphme, and to exciete it besides the augmented pow'ei to 
leserve it m a laige amount by the muscles, so that e\en though a laige 
amount of it should be intioduced into the body all at once it can be 
pi evented fiom immediately attacking the cential neivous system ” 

In consideiation of the wmik just cited and oui owm expeuments, 
w^e believe that these laige amounts of moiphme intioduced into the 
circulation aie piomptly lemoved by the muscles, so that only small 
quantities ai e available foi action on the central nei vous system 
Having once been lemoied by the muscles, the morphine must have been 
destro}ed or letuined slowdy to the circulation m small quantities, as 
Di Balls w^as able to detect only the slightest amounts in the blood 
The regulai letuin of ciaving foi the duig on the pait of the addicts 

3 Terruchi, \ utaka , and Kai, Sotaro On the Fate of Morphine Which 
Has Been Injected into the Animal Body, J Pharm & Exper Therap 31 177, 
1927 

4 Faust, E S Ueber die Ursachen der Gewohnung an Morphin, Arch f 
exper Path u Phannakol 44 217, 1900 

5 Rubsamen, W Experimentelle Unter such ungen uber die Gewohnung an 
■Morpbm, Arch f exper Path u Pharmakol 59 227, 1908 
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^vlthln a peiiod of three or four hours would indicate, on the other 
hand, a rather rapid destruction in the muscles, or a quick elimination 
Using the hypothesis of Terruchi and Kai,® one can find a plausible 
explanation for the fiequency with which the addict inci eases the 
amounts required for his need With the development of a mechanism 
m the muscles for the removal of moiphme from the ciiculation, one 
can conceive of it becoming so effective as to leave an insufficient 
quantity foi action on the central nervous system and the addict con- 
sequently increasing his regulai dosage 

We believe fiom mdiiect evidence and the behavior of addicts in 
general that the quantity of moiphme lequiied to prevent the appear- 
ance of withdrawal symptoms to be considerably less than is normally 
used by them This evidence is based on the following observations 
All of our patients who have taken a cure either m our ward or in other 
institutions and who have had a relapse always begin the use of the diug 
again in small quantities, larely moie than from 34 to gram (0 01 to 
0 03 Gm ) at each injection These amounts aie ample to lestore them 
to what they consider then normal feeling and also to give them the 
so-called “kick” These amounts suffice for vaiious lengths of time, 
and as soon as the “kick” is no longer obtained the addict begins increas- 
ing the amounts taken Oui expeiience with i educing the doses results 
111 little complaint on the pait of the patient legardless of the amounts 
being used oi the speed of i eduction until the point is reached where 
the individual dosages are i educed fiom Yz giam to lower amounts 
It IS at this point that the addict becomes exceedingly difficult to handle 
and piesents withdrawal symptoms 

Another phase m this problem of the amounts lequiied to prevent 
withdiawal symptoms is the existence of two more oi less ill defined 
groups of addicts which they themselves classify as “users” and “hogs ” 
One also encounteis two mental states following the use of moiphme m 
which the addicts say that they feel “normal” or that they feel “loaded ” 
The group of so-called “users” are able to get along nicely ovei a period 
of )^ears on small daily dosages, but neveitheless requiie these small 
dosages to prevent withdrawal S 5 miptoms The othei group consists 
of those who are not content to feel normal but who aie constantly 
desiious of being “loaded,” and it is the persons m this gioup who con- 
tinually increase the amounts taken and aie foiced to take a cuie, after 
which they are able to begin all ovei again with small amounts 

Our experience with addicts and all cuies, including “cold turkey,” ® 

15 that at the end of the week to ten days all acute withdiawal symptoms 
have disappeaied The addict is now able to satisfy his craving as well 
as to deiive a “kick” with dosages as low as from 34 to 34 qrain (8 to 

16 mg ) 


6 Abrupt withdrawal without the substitution of any drug 
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Jf ipioiant of this small lequirement, the addict ma\ take his icgiilai 
dosage and suffei venous results and e\cn death One of our patients 
dud suddenly follo^Mng dischaige fiom the hospital aftei taking an 
injection of the same quantit} used before the cine i\as taken These 
sudden deaths aie not infiequcnt, according to addicts, although the 
rcli.ihiht} of then statements must al\va>s be questioned 

It Mould appeal, then, on the basis of the conclusions of Teiiuchi 
.md Kai that ivithin a neek oi ten da)S the muscles lose then ability to 
icmove the diug from the cii dilation, and that small quantities mil 
again suffice to give the addicts then feeling of noimahty or “kick” 
Fuithermoic, the foiegomg theory still being used as an explanation, the 
ability of the muscles to lemove the moiphine fiom the cn dilation is not 
hi ought into play until dosages m excess of those requned to prevent 
M ithdi an al s) mptoms ai e used 

This application of the theoiy of Teiiuchi and Kai does not, how- 
evci, ofTei any explanation as to the cause of the appeal ance of the 
withdiawal s} mptoms nor the piesence of the ciaving for the diiig aftei 
the acute withdiawal symptoms have disappeaied Mai me ^ attiibiited 
the cause of the ivithdiaival symptoms to the presence of pseudo- 
moiphine and belieied that additional amounts of moiphine ivere 
lequiied to counteiact the piesence of the pseudomorphine This work 
has been ciiticized by Donath,® Staik,® Alarquis,^° Toth and 
Giofliedi,^- 111 a levicw of the liteiatuie on tolerance and withdiawal 
phenomena by Du J\'Iez Befoie accepting any explanations oi theories 
as to nhat has happened to the moiphine, one should know ivhethei 
these large quantities aie rapidly excieted m human addicts, by what 
channels, and nhether moiphine is still being excreted while withdiawal 
s) mptoms aie piesent Such expeiiments are planned and will be 
cai 1 led out as oui next step in the study of opium addiction 

7 Marine, W Untcrsuchungen zur acuten und chronischcn Morphni-Vcrgif- 
tnng, Dcutsclie med AVchnschr 9 197, 1883 

8 Donath, J Das Schicksal des Morphins im Organismus, Arcli f d ges 
PlnsToI 38 528, 1886 

9 Stark, E Untcrsucliungcn uber die Gewolinung des thienscben Organis- 
mus an Gif to, Inang Diss , Erlangen, 1887, cited b\ Faust, Arch f exper Path 
11 Pliarniakol 41 225, 1900 

10 Marquis, E P Ueber den Verblcib des Morphins im thierischcn Organis- 
mus Plnrm Ztschr f Russland 35 549, 1896 

11 Toth, L Beinerkungen zur Erklarung der chronischen klorphiumin- 
toxikation Schmidt's Jahrb , 1891, lol 229, p 135 

12 Giofiredi Carlo Rccherches ultcneures sur rimmunisation pour la mor- 
pliinc, \rch ital de biol 31 39S, 1899 

n Du Mtz A G Increased Tolerance and M'lthdraual Phenomena in 
Chronic Morphinism J \ M \ 72 1059 (April 12) 1919 
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CONCLUSIONS 

The intramuscular injection of morphine sulphate in dosages of 
three, foui and six times the usual amounts given, and the intiavenous 
injection of dosages six, seven and nine times the amounts usually 
given to the human opium addicts “who acted as subjects resulted in 
insignificant changes in the pulse and respiration rates, electrocaidiogram, 
chemical studies of the blood, and the behavior of the addict 

The intiavenous administration of 20 grains and 11 grains to two 
difteient addicts following a forty-eight hour withdiawal period also 
failed to pioduce any significant physiologic changes or changes in 
behavioi aftei fifty-six minutes and one hour and sixteen minutes, 
respectively 

Analyses of the blood for morphine showed the piesence of less than 
1 mg per 25 cc of blood, indicating its lapid lemoval following the 
completion of the injection 
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Foi the last sixU jeais many ha^'e studied the histologic changes in 
the snicillei aiteiies in difiuse disease of the vasculai system Theie has 
hcen consideiable contioveisy as to whethei any chaiacteiistic pathologic 
lesion IS ])icsent Oiii inteiest in this subject was renewed when the 
ophthalmologist was so frequently able to denionstiate nan owing of the 
lelinal aiteries and aiteiioles in cases of malignant hypei tension A 
>eai ago Keith, Wagenei and Keinohan^ weie able to show m such a 
case that thei e wei e common features m the smallei ai tei les and ai tei i- 
oles 111 many oigans, including those supplying the voluntaiy muscle 
The lattci obseivation suggested that biopsy niateiial from a supeificial 
muscle 111 ambulatoiy cases of hypei tension might show eaily histologic 
changes m the smallei aiteiies Muscle tissue was chosen because it 
composes about 35 to 40 pei cent of the body and thus an assumption 
that theie is a widespicad lesion of the aiterioles could be leadily pioved 
01 dispioied 

LITERATURE 

The peitinent hteiatuie of the last sixty yeais has been leviewed In 
1868, lohnson - s} stematically studied the smaller aiteiies of most of 
the tissues in cases of chionic Blight’s disease He demonstiated thick- 
ening of the media, or inusculai coat, and concluded that theie was an 
aiterial hypei inyotiophy similar in cause to the hypei trophy of the heait 
muscle Gull and Sutton ^ were unable to find such thickening of the 
media, and m 1872 they concluded, fiom then studies of similai cases, 

" Submitted for publication, April 10, 1929 

bioiu tbc Section on Pathologic Anatom^ and the Dnision of Medicine, the 
Ma\o Clinic 

1 Keith, N M , M agener, H P, and Kernohan J W The Syndrome of 
Malignant IFpertension, Mch Int Med 41 141 (Feb) 1928 

2 Johnson, George On Certain Points in the Anatomj and Pathology' of 
Bright’s Disease of the Kidney II On the Influence of the Minute Blood- 
Vtsstls upon the Circulation, Tr Medico-Chir Soc London 51 57, 1868 

3 Gull \\ and Sutton, H G On the Pathology of the Morbid State 
Conunnnly Called “Chronic Brights Disease yyith Contracted Kidney,” Tr :Mcdico- 
Chir Soc London 55 273, 1872 
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that the lesion in the smaller arteries was of a hyaline, fibroid, degeneia- 
tive t 3 'pe Five 3 ^ears latei, Ewald investigated a large senes of these 
cases, and his observations confiimed the presence of hypertiophy of the 
media first described by Johnson He particularly called attention to the 
inci eased thickness of the walls of the vessels and the nan owed lumen 
It should be pointed out, however, that this eaily work was done before 
the present histologic technic was devised , theiefore, it is difficult to draw 
definite conclusions from it 

Using modern histologic technic m a large series of such cases, 
Joies,® in 1904, carried out a thoiough and comprehensive study of the 
small visceial arteries The specific vasculai change which he observed 
was chaiacteiized by degenerative processes m the intima, hyaline and 
fatty changes, and a hyperplastic thickening of the internal elastic mem- 
biane He noted also that this lesion was more fiequently found in the 
small arteiies of the kidney, the spleen and the pancreas, and he specifi- 
cally stated that when the lesion was widespiead m many difieient organs 
he was unable to demonstrate it in the skeletal muscle Jores consideied 
it possible that hypei trophy of the muscular coat sometimes occurs, but 
that this hypertiophy is not specific or prominent and that it may be due 
to postmoitem conti action In contiast to these generalizations, it is 
significant that he mentioned the case of a young man, aged 24, with 
aortic insufficiency due to rheumatic endocarditis, in whom there was 
definite thickening of the muscle of the media of the arteiioles in many 
organs, including arterioles of the skeletal muscle He also noted that in 
this case the thickness of the wall was considerabl 3 '' increased in relation 
to the diameter of the lumen Omission of a leading of the blood pres- 
sure in this case is regrettable, CA^en though the case occurred before 
clinical determinations of the blood pressure w^ere n^ade as a routine 
Jores’ statement has been geneially accepted, that when there is a diffuse 
lesion of the arterioles, it is chiefly of a degenerative nature and is lim- 
ited to the intima In 1910, Fischer and Schlayei ® noted that peripheral 
arteries, which on palpation seemed thickened, when examined histo- 
logically frequent^ did not show any intimal change They stressed the 
absence of intimal change and suggested that although hypertiophy of the 
media is difficult to demonstrate, it is sometimes present, and may be of 

4 Ewald, C A Ueber die Veranderungen kleiner Gefasse bei Morbus 
bnghtii und die darauf beziiglichen Theorien, V irchows Arch f path Anat 71 453, 
1877 

5 Jores, L Ueber die Artenosklerose der kleinen Organarterien und ihre 
Beziehungen zur Nephritis, Virchows Arch f path Anat 178 367, 1904 

6 Fischer, Heinrich, and Schlaj^er Artenosklerose und Fuhlbarkeit der 
Arterienwand, Deutsches, Arch f klin Med 98 164, 1910 
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great significance in eaily aiterial disturbances Fahi ^ and Heixheimei ® 
noted that the lesion desciibed by Joies was chiefly limited to the lenal 
aiteiioles and was not widespiead in arteiioles of othei oigans Fahi,'’ 
111 1916, described a senes of cases in which changes in the renal arteii- 
oles were maiked, with thickening and even neciosis of the vasculai 
walls, these secondaiily caused distinct changes in the lenal paienchyma 
He teimed the condition malignant lenal scleiosis, since lenal insuffi- 
ciency was piesent and the piognosis was unfavorable Fahi, m 1919 
and 1920, emphasized the special featuies of the lesion and intimated 
the possibility of a toxic etiologic factoi He also pointed out that the 
lesion usually occuiied in peisons aged less than 50, whereas senile 
arteiioscleiotic changes weie most common in oldei persons Both 
Heixheimer and Stein lepoited cases of malignant scleiosis of the 
renal vessels, with changes in the renal arteiioles, as described by Fahr 
Howevei, they did not wholly accept his theoiy as to a possible toxic 
causative agent In two long, coinpi ehensive ai tides, in 1922 and 1925, 
Fain discussed his obseivations in a senes that included cases of 
Ijenign and cases of malignant sclerosis He again stated that the 
aiterioles of organs othei than the kidney and paiticularly those of the 
skeletal muscle, the skin and the intestine aie relatively free from 
arteriosclei otic degenerative changes He did note that in the aitenoles 
of the skin, the intestine and especially the skeletal muscle, the media is 
well developed, contiaiy to the condition in the lenal arteiioles, in which 
the media is reduced Fahi concluded that malignant lenal scleiosis 
develops as a lesult of paiasitic oi chemical poisons, causing a "neciotiz- 
ing aiteriolitis,” wheieas benign scleiosis lesults from wear and tear, 
giving rise to a degenerative type of sclerosis He believed that the 
constant hypertension in both groups is of renal origin 

7 Fahr, T Zur pathologisch-anatomischen Unterscheidnig der Schrumpf- 
nieren nebst Bemerkungen zur Arteriosklerose der klemen Organartenen, Frank- 
furt Ztschr f Path 9 15, 1912 

8 Herxheimer, Gotthold Niere und Hypertonic, Verhandl d deutsch path 
Gesellsch 15 211, 1912 

9 Fahr, T Ueber mahgne Nierensklerose (Kombinationsform), Centralbl 
f allg Path u path Anat 27 481, 1916 

10 Herxheimer, Gotthold Ueber Artcnolonekrose der Nieren, Virchows 
Arch f path Anat 251 709, 1924 

11 Stern, Max Ueber einen besonders akut verlaufenen Fall von Arteriolone- 
krose der Nieren nut dem macroskopischen Bilde der “Grossen bunten Niere,” 
Virchows Arch f path Anat 251 718, 1924 

12 Fahr, T Ueber die Beziehungen von Artenolensklerose, Hypertonic und 
Herzhypertrophie, Virchows Arch f path Anat 239 41, 1922, Henke, F, and 
Lubarsch, O Handbuch der speziellen pathologischen Anatomic und Histologie, 
Berlin, Julius Springer, 1925, vol 6, pt 1, p 121 
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Evans investigated the lesions in the arteries and arterioles of 
many organs in a large series of cases The tissues examined were 
removed during operation or at necropsy The ages of the patients 
varied from 8 to 86 years In cases with hypertension and caidiac hyper- 
trophy, he invariably demonstrated the characteristic changes of diffuse 
hypei plastic sclerosis in man)'- arterioles The criteria on which he made 
a diagnosis of this lesion were (1) piohfeiation and then degenera- 
tion of the intima , (2) thickening of the media due to hypertrophy of the 
muscle, with lack of evidence of any degenerative changes in this layer 
The oigans the arteiioles of which usualty showed this change were the 
kidney and the spleen The change occasionally was present elsewhere 
in lesser degree, but practically never m heart or skeletal muscle Evans 
believed that his observations indicate that diffuse hyperplastic sclerosis 
of the arterioles is similar in childien and in adults, that it can be dis- 
tinguished from senile artei losclerosis, that it is probably inflammatory 
and that the diffuse artei lolar and lenal lesions are the simultaneous 
results of a single pathogenic agent 

Fishberg made a similar study m a large series of cases of essential 
h 3 ’-pertension Like Jores, Fahr and Evans, he found that atiophy of the 
media was the rule, and that rarely weie there any noticeable changes 
in the arterioles of voluntary muscle Similar negative observations 
were made in the arteiioles of voluntary muscle by Branch and Linder 
in SIX cases of chronic glomerulonephiitis occurring m young persons 
Fishberg did find hypertrophy of the media m the renal arterioles, 
but not elsewhere in certain cases of chronic glomerulonephritis 
Brogsittei examined the mesenteric vessels m thirty-thiee cases of 
hypertension He found thickening of the media m some cases, with 
the muscle layer rich m nuclei, changes which he interpreted as being 
the lesult of maximal contraction He did not find any lelationship 
between the height and the duration of the hypertension and the changes 
in the mesenteric artei les Michel,^® in 1884, in an ophthalmoscopic 

13 Evans, Geoffre 3 " A Contribution to the Study of Arteno-Sclerosis with 
Special Reference to Its Relation to Chronic Renal Disease, Quart J Med 14 
215, 1920-1921 , Arteriosclerosis in Children, ibid 16 33, 1922-1923 

14 Fishberg, A M Anatomic Findings in Essential Hypertension, Arch 
Int Med 35 650 (May) 1925 

15 Branch, Arnold, and Linder, G C The Association of Generalized 
Arteriolar Sclerosis with High Blood Pressure and Cardiac Hypertrophy in 
Chronic Nephritis, J Clin Investigation 3 299, 1926 

16 Fishberg, A M Arteriolar Lesions of Glomerulonephritis, Arch Int Med 
40 80 (July) 1927 

17 Brogsitter, A M Zur Anatomic der Splanchnikusgefasse beim Hoch- 
druck, Munchen med Wchnschr 2 1049, 1924 

18 Michel, Julius Lehrbuch der Augenheilkunde, Wiesbaden, J F Bergmann, 
1884 
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study of the letiiia in patients with geneial aiteiioscleiosis and nephritis 
noted the piesence of scleiosis of the retinal aiteiies Kail/“ in 1887, 
desciibed this scleiosis in the letinal and choioidal aiteries as the pri- 
mal y pathologic basis of “albuminuiic letinitis” He found, histologi- 
cally, aiteiitis of the letinal and choioidal aiteiies, which terminated in 
hyaline thickening and degenei ation of all the coats Gunii,-° m 1898, 
noted 111 cases of geneial aiteiioscleiosis the unifoim constiiction of the 
retinal arteries and the ischemic featuies of the fiequently associated 
retinitis Coats showed that the histologic basis of this appaient 
constiiction of the letinal aiteiies was an inciease of the fibrous tissue 
111 the media and the adventitia Only laiely was there pi olifei ation of 
the endothelium Lebei,-- in 1915, obseived, m cases of letmitis of 
nephritis, hypertrophy of the muscular coat of the cential letinal and 
posteiioi ciliaiy aiteiies He consideied that the ophthalmoscopic evi- 
dence of retinal aiteiiosclerosis, in the absence of letinitis, was due to 
endaiteiitis with subeiidothehal iiitimal pi olifei ation He also suggested 
that 111 some cases the appeal ance of the aiteiies might be due to tonic 
contraction without demonstiable histologic changes Volhaid,-^ in 1921, 
emphasized the angiospastic featuies of “albummuiic letmitis” in chionic 
glomei ulonephritis and m malignant lenal sclerosis Cohen found, 
histologically, maiked thickening of the vessels in the choioid and the 
retina of patients with diffuse vasculai disease Keith, Wagenei and 
Keinohan,^ in their study of the syndiome of malignant hypei tension, 
emphasized the piesence of a lesion m the aiteiioles thioughout the body 
This lesion was obseiwed duimg life in the letma and histologically in 
both the letina and the choioid The chaiacteiistics of this lesion w'eie 
the same in the diffeient tissues examined, which included all the impoi- 
tant organs of the body The thiee anatomic divisions of the walls of 
the aiteiioles were thickened oi hypei ti opined, especially the intima and 
the media, with an almost total absence of signs of degenei ation 

19 Karl, Herzog, in Bayern Ein Beitrag ziir pathologischen Anatonne des 
Auges bei Nierenleiden, Wiesbaden, J F Bergman, 1887 

20 Gunn, Marcus On Ophthalmoscopic Evidence of General Arterial Dis- 
ease, Tr Ophth Soc U Kingdom 18 356, 1898 

21 Coats, George Intraocular Vascular Disease, Ophthalmoscope 4 605, 
1906 

22 Leber, T Die Krankheiten und Anomahen des Blutgefass Systeme der 
Netzhaut, in Graefe-Saemisch Handbuch der gcsamteii Augenheilkunde, Leipzig, 
Engelmann, 1915, vol 2, p 101 

23 Volhard, F Ueber die Retinitis albummurica, Verhandl d Kong f inn 
Med 33 422, 1921 

24 Cohen, Martin Significance of Pathologic Changes in Fundus in General 
Arterial and Kidney Diseases, J A M A 78 1694 (June 3) 1922 
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ARCHIVES OF INTERNAL MEDICINE 


CLINICAL OBSERVAIIONS 

Hypertension has been classified as benign and malignant with the 
letinal picture as one of the most significant diagnostic points in the 
latter However, there is a group of cases of hypertension m which it 
IS difficult to make such a difierentiation In this study, we have grouped 
these intermediate cases as those of severe benign or eaily malignant 
hypertension-’® Fifty-thiee cases weie studied and biopsy was done, 
eleven cases were diagnosed as benign, eighteen as severe benign or 
eaily malignant, and twenty-three as malignant hypertension The 
lemammg case, one of chionic glomei ulonephritis, was studied for com- 
parison with the cases of diffuse vasculai hypertensive disease Complete 
vasculai and renal studies weie made m the hospital m most of the cases, 
and at the same time the biopsy was done The clinical data will be 
found m detail in table 1 

Bemgn Hypo tension — In this group, the longest duration of known 
hypei tension was fifteen years, in other cases, the patients did not know 
that they had hypertension until it was discovered on examination in the 
clinic The avei age duration was five yeai s and eight months The ages 
vaiied from 30 to 65 years, with the average at 47 yeais The following 
are abstracts of illustrative cases 

Case 10 — A pli 3 'sician, aged 30, discovered in himself eight years before 
admission a blood pressure of 140 systolic and 100 diastolic and symptoms of 
palpitation and heart consciousness He was in good physical condition when he 
came to the clinic in October, 1928 The blood pressure varied from 155 to 180 
S 3 Stolic, and from 120 to 125 diastolic There was mild cardiac hypertrophy, 
peripheral arterial sclerosis grades 1 to 2, no retinitis and slight retinal sclerosis 
The blood urea was normal The urine was clear, except for a trace of albumin 
The electrocardiographic report did not reveal anything significant 

Case 6 — A man, aged 51, vas hrst seen m April, 1927, at this time his chief 
complaint was nervousness The systolic blood pressure was 200 and the diastolic 
130 on first examination Later it was 120 systolic and 85 diastolic A diagnosis of 
benign h 3 "pertension, migraine and vasomotor instability was made He returned 
for reexamination in August, 1927 , at this time the blood pressure varied from 190 
to 140 systolic and from 125 to 90 diastolic On his last visit, m May, 1928, he 
complained of dizzv spells, his blood pressure was 210 systolic and 115 diastolic 
On later examination, it was 110 s 3 'stolic and SO diastolic 

The general examination was essentially negative, except for nervous 
instability The heart was slightly enlarged and there was mild sclerosis of the 
peripheral and retinal vessels The blood count and urinalysis did not reveal 
anvthmg abnormal The renal function was satisfactory The electrocardiogram 
was negative Examination of the peripheral capillaries at the nailfold disclosed 
mild contraction with slightly increased mechanical flow A recent communication 
from the patient stated that he was in good condition and was working daily 

25 Adams and Brown (Considerations on the Treatment of Essential H 3 'per- 
tension, Ann Clin Med 5 1036, 1927) studied a similar group of cases Many 
of the present series are distinguished from theirs in that retinal, renal and cardiac 
functions often were well maintained at the time of examination 
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Case 3 — A woman, aged 38, came to the clinic on May 2, 1928, complaining 
of high blood pressure and of headaches of one and a half years’ duration She 
had been married ten years and had two children, 8 and 6 years of age The blood 
pressure had been normal during pregnancy and albuminuria had not occurred 
In the course of the third pregnancy, m December, 1926, she had become uncon- 
scious and had been blind for two or three weeks The blood pressure then had 
been found to be 230 systolic and albuminuria had been present She had been sent 
to a hospital and the pregnancy had been terminated Since then she had had 
constant headache, some decrease m vision and slight dyspnea 

General examination at the clinic revealed a well developed and well nourished 
woman with a blood pressure varying from 220 to 140 systolic and from 130 to 95 
diastolic The heart was normal m size and there was only slight peripheral 
arterial sclerosis The arteries of the retina were markedly contracted, with 
sclerosis, grades 1 to 2 There were questionable signs of healed retinitis 
Examination of the blood and the urine did not reveal anything abnormal and 
renal function was satisfactory The electrocardiogram was negative The capil- 
laries at the nailfold we’^e moderately contracted and flow was swift 

Seveie Benign oi Eaily Malignant Hypertension (Intel mediate 
Gioiip ) — In this group, the duiation of known hypei tension vaiied 
fioni fifteen yeais to two months, with an aveiage of foui yeais The 
vaiiation in age was fiom 21 to 59 years and the aveiage was 47 yeais 
The following aie abstiacts of illustiative cases 

Case 15 — A woman, aged 23, registered at the clinic in J\laj, 1928, complaining 
of headaches that had been recurring since November, 1927 At the time of the 
onset, her college physician had noted tachycardia with a rate of 110, which was 
reduced by digitalis to 80 Hypertension also W'as found and W’as treated with 
salts and Turkish baths 

The general examination w'as negative except for slight cardiac hypertrophy 
The blood pressure varied from 205 to 140 systolic and from 160 to 100 diastolic 
There was retinal sclerosis, grade 1, but peripheral sclerosis or retinitis w'as not 
present The blood and the urine did not reveal anything abnormal and the renal 
function was satisfactory The electrocardiogram w^as negative There w'as mild 
contraction w'lth moderate tortuosity of the capillaries at the nailfold, and there 
was fast mechanical flow A recent communication from the patient stated that 
she was working regularly every day 

Case 28 — A man, aged 22, w'as last seen at the clinic in November, 1927 In 
January, 1927, he had come to the dime complaining of headaches that had been 
recurring during the past two years He had passed an examination for life 
insurance in 1924 The blood pressure in September, 1926, had been 220 systolic 
The blood pressure in January, 1927, had been 230 systolic and 150 diastolic A 
diagnosis was made of essential hypertension (premalignant) and generalized 
arteriosclerosis In November, 1927, the blood pressure was 245 systolic and 140 
diastolic Later it was 155 systolic and 105 diastolic 

There was mild cardiac hypertrophy'- with peripheral sclerosis, grade 2 There 
was no retinitis , the retinal arteries were mildly sclerosed The blood count was 
normal, and the renal function was satisfactory Electrocardiographic observa- 
tions did not indicate any abnormality The capillaries at the nailfold were mildly 
contracted and tortuous, and flow was swift 



Table 1 — Results of Vasculai and Renal Studies and Biopsy Made on Pei sons ivith Hypei tension 
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Malignant Hypo tension — This group showed the chai actei istics 
desci ibed in a pi evious papei by Keith, Wagenei and Kernohan The 
duration of known hypei tension in some cases was seven yeais , in others, 
the patients weie not aware that they had hypertension until it was dis- 
covered at the clinic The average duration of the disorder was two 
years and eight months The ages vaiied from 8 to 55 years, with an 
average of 45 yeais The following aie abstiacts of illustrative cases 

Case 33 — A man, aged 26, entered the clinic on March 6, 1928, complaining of 
high blood pressure, which had been discovered m an examination for insurance 
one year before At that time, the systolic pressure was 200 Slight dyspnea had 
been present for six months and there had been nocturia and easy fatigue for 
three or four months There had been blurring of vision for three weeks During 
the year he had lost 43 pounds (19 5 Kg ) 

The patient appeared ill at the time of the general examination The heart 
was moderately hypertrophied and there was peripheral sclerosis, grade 1 -|- The 
patient’s blood pressure was 220 systolic and 170 diastolic, on one occasion, and 
later it was 170 systolic and 130 diastolic There was retinitis, grade 3, with 
edema of the disks of 2 diopters, hemorrhages, exudate and incomplete macular 
stars m both ejes The blood count was normal There was marked albuminuria 
with hematuria In the phenolsulphonphthalem test of renal function there was 
45 per cent return of dye in two hours The blood urea was 41 mg , and electro- 
cardiographic tracings gave evidence of myocardial degeneration as indicated by 
inverted T weaves m leads I and II There was moderate contraction of the 
capillaries at the nailfold, wuth swift flow The patient died at home during the 
first w'eek of July, 1928, four months after leaving the clinic 

Case 45 — A woman, aged 34, registered at the clinic in January, 1928 She 
complained of attacks of unconsciousness recurring over a period of five years 
They w^ere becoming more frequent and had been associated during the previous 
summer with blurring of vision She had had an occasional headache Meno- 
pause had occurred at the age of 29 

The patient w^as w'ell nourished and well developed w'lth a slightly enlarged 
heart and slight peripheral sclerosis There was retinitis, grade 2, without retinal 
sclerosis Renal function w'as normal, and the electrocardiogram appeared to be 
that of a normal condition Blood pressure, on admission, was 165 systolic and 
110 diastolic Later, it was 120 sjstohc and 80 diastolic Neurologic examination 
did not reveal anv abnormality The cerebrospinal fluid was under increased 
pressure More visual disturbance developed subsequently 

Case 48 — A physician, aged 49, came to the clinic on May 1, 1927 While 
w'atching operations at the clinic, he noted tingling m the left arm and leg, 
W'lth numbness and weakness He had had scarlet fever with nephritis at the age 
of 9, and at the age of 29 he had had diphtheria complicated by nephritis and 
edema of the ankles At the age of 44, his blood pressure, on examination for 
life insurance, w'as 180 systolic, but later it was 145 systolic, and he received a 
policy for §25,000 w'lthout an increase in rates 

The patient’s blood pressure at the time of examination w'as 210 systolic On 
klav 9, 1927, there were bilateral choked disks of 4 diopters in the right eye and 
of 2 diopters in the left, W'lth hemorrhage and exudate The arteries were 
markedly constricted The diagnosis of retinitis of malignant hypertension was 
made The blood urea w'as 44 mg m each hundred cubic centimeters There 
W'as an inverted T w'ave m lead I of the electrocardiogram With rest, the blood 
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pressure wss reduced to 170 systolic and 100 diastolic The cerebrospinal fluid 
was under a pressure of 36 cm of water The edema of the disks cleared and 
on May 12 there was a choked disk m the right eye oi 2 + diopters, and in the 
left ej^e of 1 + diopter 

The patient returned on Feb 20, 1928, for reexamination, the blood pressure 
was then 220 systolic and 130 diastolic In the electrocardiogram there was a 
diphasic T wave in lead I The optic disks were without edema and the arteries 
were contracted irregularly On May 17, the blood pressure was 210 systolic and 
135 diastolic There was an inverted T wave in leads I and II in the electro- 
cardiogram and there was sclerosis, grade 3 fl-, m the retinal arteries The optic 
disks were flat and pale The patient died on May 24, 1928, following a cerebral 
hemorrhage 


Table 2 — Cluneal Resume and Compaitson of Thicc Gioups of Cases of 

Hxpc) tension 


Points of Comparison 

Benign 

Seveic 
Benign 
or Barlj 
Malignant 

Malignant 

Number of cases 

11 

IS 

23 

Blood pressure, mm 

Maximal systolic 

210 

2S0 

320 

Maximal diastolic 

145 

ICO 

180 

Minimal svstolic 

180 

185 

105 

Minimal diastolic 

100 

115 

no 

Systolic more than 250, pei cent 


2S 

35 

Diastolic more than 140, per cent 

27 

S9 

95 

Cardiac hypertiophy, per cent 

Grade 1 

73 

C7 

40 

Grade 2 

IS 

2S 

53 

Peripheral sclerosis, per cent 

Grade 2 

o') 

39 

30 

Grade 3 

27 

2S 

o7 

Retinal selerosis, per cent 

Grade 1 

30 

33 

4 

Grade 2 

SO 

45 

30 

Grade 3 

27 

22 

02 

Albuminuna, per cent 

Absent 

45 

22 

13 

Grade 2 

27 

50 

57 

Renal msufficieney, per cent 

Absent 

73 

07 

17 

Grade 1 

27 

23 

57 

Grade 2 

5 

22 

Grade 3 

No anemia, per cent 

91 

100 

4 

83 


Compaiison of the Thee Gioiips — compaiison of the clinical data 
in the thiee types of hypei tensive vasculai disease is made in table 2 
If 250 mm is taken as a level for systolic piesstire and 140 mm 
as a level for diastolic pressiiie, it will be seen that m none of the cases 
of benign hypertension was the systolic pressuie moie than 250 mm, 
whereas in each of the other two groups the leadings in piactically a 
thud of the cases were in excess of this figme Similar results were 
obtained in leadings of diastolic piessuie Twenty-seven per cent of 
the cases of benign, 89 per cent of the cases of early malignant and 95 
per cent of the cases of malignant hyptertension had a diastolic piessuie 
of 140 mm or moie On measuring the size of the heait, enlargement, 
giade 1, was the lule in the cases of the benign group, wheieas enlarge- 
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ment, giade 2, was slightlj moie common in the cases of the interme- 
diate gioups and was present in more than half of the cases of the 
malignant group 

Peripheial arterial sclerosis, grade 2, was present in 55 per cent of 
the cases of benign hypertension and m 30 per cent of the cases of malig- 
nant hypertension Grade 3 was found in 27 per cent of the cases of 
benign hypertension, m 28 per cent of the cases of the intermediate 
group, and in 57 per cent of the cases of the malignant group When 
definite peripheral sclerosis is present m malignant hypertension, the 
vessel often feels rubbery 

On examination of the retinal vessels, sclerosis, grade 1 oi 2, was 
present in 72 per cent of the cases of benign hypertension and m 78 per 
cent of ‘the cases of the intermediate group Sclerosis, grade 3, was 
present in about 25 per cent of the cases of the benign and intermediate 
groups and in 62 per cent of the cases of the malignant group Albu- 
minuria was absent m about half of the cases of benign Hypertension, 
and was graded 2 in about a fourth of them In the other two groups, 
it was graded 2 in over half of the cases 

If one considers that a return of 50 per cent or more of phenolsul- 
phonphthalein m two hours, and that 40 mg of blood urea oi less to each 
hundred cubic centimeters indicate satisfactory renal function, it can be 
seen that the benign and intermediate groups have satisfactory renal 
function m the greater percentage, with mild renal insufficiency m a 
fourth of the cases and moderate renal insufficiency in only 5 per cent of 
the intermediate group The malignant group, however, shows mild 
renal insufficiency m more than half of the cases, moderate insufficiency 
111 22 per cent and marked insufficiency in 4 per cent 

If one considers 70 per cent hemoglobin (Dare) or more and 
4,000 000 or more erythrocytes in each cubic millimeter as within normal 
limits, it can be seen that aneima is not significant in any group 

In the study of the capillaries at the nailfold, ten cases of benign, 
thirteen of intermediate and twenty-one of malignant hypertension were 
reviewed Straight, mildly contracted vessels and fast mechanical flow 
were the rule in the cases of benign hypertension Slight tortuosity, 
with mild contraction and fast flow, was shown in a greater percentage 
of cases in the intermediate group, and mechanical flow in about half of 
the cases In the malignant group, the flow was fast, with mechanical 
movement, in half of the cases The latter observation agrees with our 
previous observations in the last named group 

Inquiry at the time of writing brought out the fact that, of the eleven 
patients with benign hypertension, seven were well and four were dead 
One death was due to influenza and pneumonia (case 11, table 1) The 

26 The nailfold capillaries were examined by G E Browm, according to the 
Lombard technic 
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other thiee deaths had occuiied m cases 1, 5 and 8 (table 1) In cases 1 
and 8, myocaidial degeneiation was a pioniinent featuie In case 5, 
general and cei ebrospinal aiteiioscleiosis weie maiked In the eighteen 
cases of the inteimediate gioup (table 1), nine of the patients weie well, 
one had suffeied an apoplectic stroke and one had lately leturned for 
reexamination, and the pictuie of the fundus was that of malignant 
hypertension Two patients had died The seiious prognosis in the 
malignant gioiip is again evident ^ Only two of the twent 3 ^-thi ee patients 
obseived weie lepoited as well, two weie failing and fouiteen had died 
Of these fouiteen, eleven had died fiom two to six months after dis- 
missal (aveiage foui months) 



Fig 1 — A normal arteriole obtained from pectoralis major muscle at necropsy 
The comparatively thin wall and absence of signs of hypertrophy of media may 
be noted Van Gieson stain, X 600 

HISTOLOGIC STUDIES 

Biopsy — Aftei the injection of a local anesthetic, a small poition of 
the pectoiahs majoi muscle was lemoved This pioceduie was earned 
out in the fifty -thiee cases of the piesent senes Mateiial for contiols 
was obtained fiom two sotiices from tissue subjacent to bi easts ampu- 
tated foi tumois of vaiious types in patients m whom the blood piessuie 
was noimal and at neciopsy from bodies of patients whose blood pres- 
sure had not been elevated and whose heaits had not been enlaiged 
(fig 1 ) In one case, a second biopsy was made nine months later and 
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in two cases in which biopsy was made, necropsy was performed later, 
and detailed studies were earned out on the arterioles in vai lous organs 
All specimens of tissue weie embedded in paraffin, weie cut at a thick- 
ness of 8 microns and were stained with hematoxylin and eosin, with 
van Gieson’s and with Weigeit’s elastic tissue stains 

The vessels examined weie the aiteiioles The arteiies and capillaries 
were not included m this study because little histologic change was seen 
in the capillaries of any patient with high blood piessure, and because 
It was difficult to obtain legulaily larger aiteiies We have been unable 
to find in the literature on anatomy actual measuiements of the outside 
diameter of small vessels, which would permit an accurate measurable 
distinction between a small artery and an aiteriole Landis,-" in his 
micro-injection studies of the blood piessure giadient in the mesentery 
of the flog, consideied an arteriole to be from 40 to 50 microns in 
diameter Many pathologists consider the afferent glomeiulai vessel 
an arteriole We have measuied a few of these vessels in the noimal 
kidney of man and have found the outside diameter varying from 30 to 
50 microns Landis-® also diiectly detei mined the fall m the blood 
piessuie gradient m arteries, capillaries and veins m the mammalian 
mesenter)’’ In some later unpublished similai expei iments in the lat 
and gumea-pig, he incidentally measuied the diameter of certain of the 
vessels observed He classified the vessels as “smallest aiteries” and 
“arterioles” by their relation to the capillary network The foimer con- 
tained a consideiable number of muscle fibers and the diameter mea- 
sured from 40 to 100 micions, whereas the arterioles, which arise from 
the smallest arteries and meige into the capillaiies, contained fewer 
muscle fibeis and weie thinner, measuring from 15 to 35 microns The 
diameter of the vessels measured m the present study vaiied fiom 25 to 
100 micions, so that, from Landis’ data, they fall into both his groups 
of smallest arteries and arterioles 

There were definite changes m the aiterioles m many cases and also, 
to a slight extent, m the surioundmg muscle tissue There was a slight 
increase m the connective tissue around some of the aiterioles and occa- 
sionally small collections of lymphocytes, which possibly weie the result 
of the occlusion of some small arterioles The most pronounced and 
most constant change observed m the vessels was m the media, which 
was definitely h} pertrophied, and there was an increase m the nuclear 
elements of this tissue There was no fibrosis or increase m connective 
tissue, the entiie change was due to proliferation of muscle Medial 

27 Landis, E M The Capillar\ Pressure in Frog IMesentery as Determined 
b}' jMicro-Injection Methods, Am J Phvsiol 75 548, 1925-1926 

28 Landis, E IM Micro-Injection Studies of Capillarj Pressure in Mammalian 
Mesenter^ , Am J Phvsiol 85 387, 1928 

29 Landis, E M Personal communication 
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to the musculai elements, the Weigeit elastic tissue stain showed that 
theie was also hypertrophy of the internal elastic lamina In some cases, 
this was slightly split up, but as a geneial lule the splitting was not pro- 
nounced In the Ultima, the change was widely varied, but the most 
common modification was piolifeiation of the lining endothelial cells 
This sometimes was accompanied by piolifeiation of the subendothelial 
tissue, and when both changes weie present the vessel was almost 
occluded Complete occlusion of a vessel was lare, but paitial occlusion 
was the rule It does not seem logical to assume that any vasomotor 
spasm could bung about piolifeiation of the lining endothelial cells. 



Fig 2 (case 38) — An arteriole from pectorahs major muscle obtained at 
biopsy from a child, aged 8 The hypertrophied musculature of the media and the 
proliferation of the endothelial cells of the intima may be noted The ratio of 
thickness of wall to width of lumen, which normally is 1 2, is much upset here 
Van Gieson stain, X 350 

although it might possibly pioduce some hypei trophy of the media 
Occlusion of a vessel at a highei level might possibly bring about pro- 
liferation of the lining endothelial cells even to the point of occlusion, 
but evidence is lacking that such occlusion existed in any of these cases 
The fundamental changes occurring in these vessels weie hypei trophy of 
the media and proliferation of the mtima Theie was no degeneiative 
change, nor any change that could be attiibuted to senile reti ogression 
(figs 2, 3, 4, 5, 6 and 7 ) 




Fig 3 (case 38) — An arteriole from pectoralis major muscle obtained at 
biopsy, showing hypertrophied wall and narrow lumen with an upset ratio of 
lumen to wall V an Gieson stain , X 350 



Fig 4 (case 48) — A small arteriole from pectoralis major muscle obtained at 
biopsy The much hypertrophied internal elastic lamina may be noted Normally, 
in a vessel of this size, this elastic lamina is e'^tremely slight The vessel is 29 
microns in diameter Weigert elastic stain, X 475 
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In the endeavoi to estimate the degiee of hypei trophy of the walls 
of the aiteiioles and the degiee of obstruction pioduced by the hypei - 
trophy of the media and prohfeiation of the intima, the most satisfac- 
tory method was to measuie the thickness of the wall and the diameter 
of the lumen, and to estimate the ratio of the one to the othei Such 
measuiements had been attempted by Gull and Sutton and by Ewald 
However, as stated pieviously, then histologic specimens were not pie- 
pared according to the usual modem technic, the figuies they obtained, 
therefoie, cannot be compaied with those of the piesent study Since 
normal aiteiioles had never been measuied in this manner, it was neces- 
saiy to obtain a series of normal contiols, theiefoie, fifty contiol cases 



Fig 5 (case 48) — An arteriole from pectoralis major muscle obtained at biopsy 
The thickness of the wall due to hypertrophy of the media and increase in number 
of nuclei in the musculature may be noted Hematoxylin and eosin stain , X 475 

were examined The Bausch and Lomb miciometei was used and only 
vessels cut at right angles to then couise weie measuied Figuie 8 
shows diagrammatically the method of determining the latio of wall to 
lumen The distances a-b, c-d, e-f, and g-h were added and divided 
by four, giving the axeiage for the vessel wall , the distances h-c and f-g 
were added and divided by two, giving the average foi the lumen 
Such estimations were made on seveial aiterioles in each specimen of 
muscle and the aveiage ratio was taken 

Such measurements of the aiteiioles show that in the noimal one the 
aveiage latio of vessel wall to lumen is 1 2, with vanations fiom 




Fig 6 (case 40) — An arteriole from pectoralis major muscle obtained at biopsy 
showing thickening of muscle tissue in media, due to hypertrophy, with increase 
in number of nuclei Hyperplasia of the endothelial cells in the intima may 
also be noted The vessel wall is almost as thick as the lumen is wide Van 
Gieson stain, X 350 



Fig 7 (case 46) — An arteriole from pectoralis major muscle obtained at biopsy 
There is increase in the number of nuclei of the media There is definite thicken- 
ing of the media, with hjpertrophj The normal 2 1 ratio of lumen to wall is 
upset There is no fibrosis or necrosis in the media Van Gieson stain, X 350 
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1 1 7 to 1 2 7"'° In oui cases of benign hypei tension, the aveiage latio 
was 114, with vaiiations fiom 1 1 1 to 1 18, cases of severe benign 
01 eaily malignant, and malignant hypei tension show practically the same, 
an aveiage latio of wall to lumen of 1 11, with variations fiom 109 
to 1 17 The figuies indicate that, in spite of some oveilappmg, theie 
IS a definite dififeience between the average latio obtained foi arteiioles 
in the normal states and the aveiage latio obtained for them in benign 
and malignant hypertension It should be pointed out that it seems 
impossible with this measuienient of the aiteiioles to distinguish the 
seveie benign or eaily malignant gioup fiom that of malignant hyper- 
tension (table 1 and fig 9) 

e 


d 


h 

Gross section of small 
artery or arteriole 

Fig 8 — A method of determining the ratio of wall to lumen in arterioles 

It is of interest, however, that in only five of the thiity-foui cases 
with a wall-to-lumen ratio of 1 1 2 oi less was the maximal diastolic 
piessure less than 140 mm 

Neciopsy — In two cases of malignant hypertension (cases 40 
and 46), neciopsies weie peifoimed two and foui months after the 
biopsies A summaiy of the clinical data and of the gioss and histo- 
logic changes follows (figs 10, 11, 12, 13, 14 and 15) 

Case 40 — A man, aged 23, entered the hospital, Oct 29, 1927, he had suffered 
from a sudden paralysis eight days before He had had frontal headaches and 
occasionally epistaxis from ten to twelve years previously Hypertension had been 
discovered seven years before Eight days before admission, he had been knocked 

30 In case 53, one of chronic glomerulonephritis, the ratio was normal, 1 18 
Biopsy at the time of writing was being carried out in a series of such cases 
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from the seat of a truck, and after driving the truck home, he had walked into 
the house, lam down and become irrational Right hemiplegia had occurred There 
had been some improvement after a few days 

General examination disclosed right hemiplegia The blood pressure was 190 
systolic and 145 diastolic There was retinitis, grade 2, stage 2 to 3 of malignant 
hypertension type The heart was enlarged (grade 1) as revealed by roentgen 
ray There were inverted T waves in leads I and II of the electrocardiogram 
with a questionable coronary T wave in leads I and II Examination of the urine 
gave negative results The phenolsulphonphthalein test of renal function gave a 
return of dye of SO per cent,' and the blood urea was 40 mg for each hundred 
cubic centimeters The Wassermann reaction of the blood was strongly positive, as 
was also the Kolmer modification of the Wassermann reaction of the spinal fluid 
The patient received one course of antisyphilitic treatment and returned home 
slightly improved He continued treatment at home, the hemiplegia gradually 



Fig 9 — Three curves plotted on arithmetic probability paper The ratios of 
the walls to the lumen of the arterioles are plotted as ordinates against the per- 
centage number of cases as abscissas The lower ratios may be noted particularly 
in the early and true malignant groups 


became less noticeable and he came back, April 23, 1928, for another course of 
treatment At this time the blood pressure was 250 systolic and 175 diastolic, 
the heart was enlarged to grade 2, and there were signs of residual right hemi- 
plegia Blood urea was 54 mg for each hundred cubic centimeters On April 27, 
1928, the patient died from cerebral hemorrhage following convulsions The 
urine obtained from the bladder at necropsy contained albumin, grade 4, and red 
blood cells 

The clinical diagnosis was malignant hj'pertension, cerebral hemorrhage and 
tertiary syphilis involving the central nervous system (vascular type) 

Examination from the standpoint of gross pathologic anatomy revealed atrophy 
of the muscles of the right forearm and leg and a heart weighing 474 Gm 
(normal 300 Gm ) There were moderately large subendothehal hemorrhages 
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in the left ventricle of the heart The right coronary and noncoronary cusps of 
the aortic valve were bound together by firm fibrous adhesions for a distance 
of about 3 cm The commissure was thickened and a fibrous band, 3 mm in 
diameter, extended up the aorta for a distance of 1 cm to a point at which it 
gradually blended into the intima of the aorta In the remainder of the aorta 
there was arteriosclerosis, grade 1 The lungs, spleen, liver, gallbladder and bile 
ducts, stomach, pancreas, bladder, prostate, testes, trachea, thyroid gland, thymus 
and esophagus appeared normal The kidneys weighed 145 and 188 Gm , respec- 
tively, but except for accentuated fetal lobulations, they appeared grossly normal 
The brain externally appeared normal, but on section both lateral ventricles were 
dilated to grade 3, and were filled with partially clotted blood There was a 
hemorrhage in the substance of the brain in the region of the right basal nuclei 
and an old infarct in the left lenticular nucleus 



Fig 10 (case 40) — An arteriole in pectoralis major muscle obtained at 
necropsi^ Changes similar to those described in muscle obtained at biopsy 
(fig 6) may be noted There is proliferation of endothelial cells of the intima, the 
number of nuclei in the media may be noted Van Gieson stain , X 350 

On histologic examination, the thyroid gland and the lungs were found to be 
essentially normal In sections of the myocardium, liver, pancreas, suprarenal 
glands, prostate gland, testes and epididymis there were no changes except a slight 
but definite increase in the thickness of the walls of the arterioles The trabeculae 
of the spleen were prominent and the walls of the arterioles were markedly thick- 
ened There was irregular thickening of the walls of the arteries of medium size, 
suggesting organized mural thrombi 

Numerous sections of the kidneys showed them to be remarkably normal There 
was partial or complete hyalmization of a few glomeruli, the remainder were 
normal The tubules appeared normal The walls of the arterioles were definitely 
but not markedly thickened (figs 11 and 12) In a section of the wall of the 
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ascending aorta were diffuse perivascular collections of lymphocytes around the 
vasa vasorum of the adventitia Sections through the old infarct in the left 
lenticular nucleus showed degenerative changes in the nerve cells and diffuse glial 
proliferation There was marked thickening of the walls of all the arterioles 
Indefinite, patchj, acute degeneration with numerous areas of hemorrhage vas 
found in the right basal ganglions, and the ualls of the arterioles here and in the 
frontal lobe were only slightlj-^ thickened There was no evidence of perivascular 
lymphocytic collections m any of the sections 

The anatomic diagnosis was malignant h 3 'pertension with cardiac hypertroplu , 
cerebral hemorrhage into the basal nuclei and ventricles, old infarct of the left 
lenticular nucleus , syphilis of the central nervous system (vascular type) sj'phihtic 
aortitis with cohesion of the aortic cusps and subendocardial hemorrhage of the 
left Aentncle 



Fig 11 (case 40) — Cortex of kidnej obtained at necropsy Glomeruli and 
tubules appear normal There is a small amount of fibrosis around the small 
arteries, which have definitel}' thickened walls Hematoxjdm and eosin stain, 
X 75 

C\SE 46 — A man, aged 33, came to the clinic in April, 1913, with a sacro-iliac 
strain The sj stolic blood pressure at that time was 125 He returned three years 
later for appendectom) On iMarch 10, 1928, he came complaining of having had, 
for two and a half jears, se^ere morning headaches, often associated wnth \omiting 
and nocturia At the onset of the headaches, the systolic blood pressure w'as 160 
For the six months previous to admission, he had had dyspnea on exertion, with a 
sense of constriction in the chest, and aching m the precordium For two months, 
he had had a sharp epigastric pain after exertion 

On examination, the trans^erse diameter of the heart measured 14 cm , the 
aortic second sound was accentuated There was peripheral sclerosis, grade 3 
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The edge of the hver was palpable The blood pressure was 210 systolic and 
150 diastolic There was albuminuria, grade 3, with hyaline and granular casts 
The erythrocyte count was normal, hemoglobin was 73 per cent The phenolsul- 
phonphthalein test of renal function gave a return of dye of 30 per cent, and the 
blood urea was 60 mg in each hundred cubic centimeters There were inverted 
T waves in leads I and II of the electrocardiogram There was sclerosis of the 
retinal arteries, grade 3, and retinitis of the malignant hypertension type with 
edema of the disks of 2 diopters Examination of capillaries at the nailfold 
revealed swift flow in moderately contracted, tortuous vessels 

The patient was sent home with directions to use a diet low in protein and in 
salt, but he returned. May 13, 1928, because of gastric distress, anorexia, nausea 
and vomiting For three days, he had been orthopneic There had been no edema 



Fig 12 (case 40) — Arterioles from kidney obtained at necropsy Thickening 
of the wall, especially of the tissue of the media, may be noted One vessel shows 
areas of so-called necrosis Van Gieson stain, x 350 

and but slight hemoptysis He had suffered also from some oliguria and blurring 
of vision 

On examination, the patient was orthopneic and his breath had an odor that 
suggested the presence of uremia The heart was enlarged to grade 3 The blood 
pressure was 245 systolic and 150 diastolic The fundus presented the same picture 
as before, but in addition there were generalired retinal edema, cotton wool 
exudates and hemorrhages Hemoglobin was 40 per cent There was albuminuria, 
grade 2 The blood urea was 274 mg , and creatinine 12 2 mg for each hundred 
cubic centimeters The patient’s condition progressively grew worse and he died 
nine days later Signs of acute pericarditis, Cheyne-Stokes respiration and coma 
had developed The blood urea in these last days rose to 561 mg , and the blood 
creatinine to 27 2 mg in each hundred cubic centimeters 
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The clinical diagnosis ^^as malignant hypertension, chronic myocardial degen- 
eration (decompensated), acute pericarditis, general and renal sclerosis of the 
arteries and arterioles, and uremia 

Examination for features of gross pathologic anatomy did not reveal edema, 
although the peritoneal cavity contained 50 cc of clear, straw-colored fluid Both 
pleural cavities were practically obliterated by fibrous adhesions The pericardial 
cavity contained 100 cc of cloudy, brown fluid, in which were flakes of fibrin 
The heart weighed 618 Gm On both visceral and parietal pericardial surfaces 
■were roughened, hj'peremic areas, covered with thin layers of soft exudate There 
was sclerosis of the coronary arteries, grade 2 The left ventricle was dilated to 
grade 2 The valves and myocardium appeared normal The aorta showed evi- 
dence of arteriosclerosis, grade 1 There was emphysema, grade 2, in the apexes 
of both lungs In the right upper lobe near the hilum were two small caseating 
tubercles The large bronchi of the right lung were hyperemic and were filled 
with mucopurulent material In some places there were slight saccular dilatations 
Bilaterally' there was tuberculous caseation and calcification of the hilar lymph 
nodes There was slight, old perisplenitis The liver weighed 1,900 Gm and was 
chocolate-colored, and cut sections had a typical nutmeg appearance The gall- 
bladder and biliary tracts, the stomach, pancreas, intestines and suprarenal glands 
appeared normal The kidneys weighed, respectively, 125 and 118 Gm Their 
surfaces were granular, mottled and pinkish-gray and had numerous punctate 
hemorrhages The cut surface was pale, markings were obliterated and there 
were numerous punctate hemorrhages There was definite, symmetrical atrophy 
of both cortex and medulla and the corticomedullary vessels were prominent and 
gaped There was noticeable hypertrophy of the wall of the mam renal artery 
Tile median lobe of the prostate was slightly enlarged 

On histologic examination, sections of the prostate and thyroid glands were 
essentially normal The walls of the arterioles of the pancreas, suprarenal glands, 
spleen and stomach were definitely thickened There was, also, moderate conges- 
tion in the spleen There was a small leiomyoma in the wall and a polyp of the 
stomach There was some diffuse atrophy of the hepatic cells, which contained 
a fair amount of finely divided fat, particularly those in the central zones The 
lungs were normal, except for active tuberculosis in the margins of one of the 
caseating tubercles In the heart there was definite proliferation of the epicardial 
endothelium and there were scattered lymphocytes through the subepicardial fat 
On tbe surface of the endothelium was a loosely adherent, amorphous acellular 
exudate There was some variation in the size and shape of the nuclei of the 
muscle fibers and the fibers were more than normally spread apart by loose fibrous 
tissue There was definite uniform thickening of the walls of the coronary 
arterioles Sections stained for fat were negative In the kidney, at least 60 per 
cent of the glomeruli appeared normal, except for some contraction and atrophy 
of the tufts About 30 per cent were completely hyalimzed In the remainder 
were varying degrees of hyaline fibrosis, adhesions of tuft to capsule and, m one 
or two, weak attempts at capsular epithelial proliferation In a few, the capsular 
spaces were filled with blood There were extreme changes m the tubules , most 
of them were atrophied and constricted Some were dilated and contained much 
hyaline material and debris Many had been completely destroyed, and many 
contained considerable fat There was a marked diffuse increase of rather 
acellular, fibrous interstitial tissue, with a few large areas of hemorrhage and 
a few small infarcts The medium-sized and smaller arterioles were prominent 
and tortuous In their walls was an extreme degree of thickening, proliferation 
and fibrosis, with marked splitting of the internal elastic laminae, and in many 
places the lumen was so constricted as to be barely visible (figs 14 and 15) 
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The anatomic diagnosis was malignant hypertension with sclerotic atrophy of 
the arterioles of the kidneys and cardiac hj^pertrophy , acute fibrinous pericarditis, 
dilatation, grade 2, of the left cardiac ventricle, benign prostatic hypertrophy, 
grade 1 , healed and active tuberculosis of the pleura, lungs and hilar lymph nodes, 
and acute purulent bronchitis 

Detailed histologic study and measui emeiits of the peiipheial arteri- 
oles in various tissues of these two cases revealed practically the same 
change both in the structuie of the vessels and in the latio of vessel wall 
to lumen, as observed in the previous biopsy (figs 6, 7, 10 and 13) The 
arterioles in the kidney (figs 12 and IS) weie moie extensively and 
seriously involved than vessels elsewhere Some of them were almost 



Fig 13 (case 46) — An arteriole in pectoralis major muscle obtained at 
necropsy The changes are similar to those seen m the muscle obtained by biopsy 
Hematoxylin and eosin stain, X 350 

completely occluded In case 40 (fig 11), the glomeruli weie well pre- 
served, and there was no glomerulonephritis, whereas in case 46 (fig 14) 
there were early fibrosis and atiophy of glomeruli, and many tubules had 
been destroyed This picture has been teimed by Ellis secondaiy 
ischemic nephritis Some of the small arteiies and some arteiioles showed 
evidence of the so-called necrosis of the media that has been described 
by Fahr and others (fig 15 ) it seems to us that this could be 

31 Elhs, Arthur, quoted by Brain, R T , and Kay, HD A New Test of 
Renal Function, Quart J Med 22 203, 1929 

32 Herxheimer (footnote 10) Stern (footnote 11) 
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explained on the basis of ischemia lather than on that of the presence 
of a specific toxin The blood supply to such vessels is supposed by 
many to come from the lumen and if, after marked hypertiophy with 
subsequent narrowing of the lumen, the blood supply is inadequate, 
ischemia, with fatty changes and neciosis, readily may follow 

COMMENT 

The results of this study indicate that associated with hypertension 
a diffuse disturbance of the aiterial side of the vasculai system exists 
both clinically and histologically in varying degrees of severity 

In benign hypei tension there may be no lesions in the peripheral 
ai terioles or thei e may be moderate ones Allbutt considei ed dynamic 



Fig 14 (case 46) — Cortex of kidney obtained at necropsy Extreme thicken- 
ing of arterioles may be seen and marked increase m the interstitial connective 
tissue The glomeruli show early fibrosis and atrophy, and many tubules have 
been destrojed Hematoxylin and eosm stain, X 75 

narrowing, lathei than organic changes m the arterioles, as the primary 
lesion Our data, obtained at biopsy, are in harmony with the long 
letention of adequate letinal, caidiac and renal function and with the 
stationaiy or slow progiession of the general condition In the second 
group of cases, those of severe benign or eaily malignant hypei tension, 
the clinical observations indicate more serious involvement The blood 
pressure generally is higher, letinal and palpable peripheral aiterioscle- 
rosis IS more marked , distinct, although often slight, abnormalities in the 

33 Allbutt, C Senile Plethora or High Arterial Pressure in Elderly Per- 
sons, Tr Hunterian Soc, 1895-1896, p 38 
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electiocaidiogiam and the lenal function aie moie fiequently piesent 
In spite of these clinical evidences of diffuse involvement, and a coiie- 
sponding inaiked pathologic change in the peiipheial aiteiioles that often 
IS piesent, many of these patients still have lemaikably good letinal, 
caidiac and lenal function Such lesulls suggest that eithei the lesion 
111 the aiteiiole, although inaiked, has been of shoitei duiation, oi bettei 
compensation has taken place In oui cases of malignant hypei tension 
thei e has been a definite type of i etinitis Cai diac enlai gement and eai ly 
distui bailees of caidiac and lenal function aie moie often piesent than 
111 eithei of the othei gioups The blood piessuie usually is high, but 



Fig 15 (case 46) — A small artery in the kidney, obtained at necropsy The 
lumen is almost obliterated, and thickening of the wall is extreme There is 
proliferation of endothelial cells of the intima The number of cells m the mus- 
culature of the media and the area of necrosis which may be ischemic in origin 
may be noted Hematoxylin and eosin stain , X 350 

we have seen a few instances m which the blood piessuie was only 
model ately increased, yet othei featuies of the syndiome were piesent 
Theie is almost invariably a maiked thickening of the wall and nai rowing 
of the lumen of the aiteriole in muscles The clinical couise is rapidly 
progiessive In othei words, there aie good leasons for considering 
malignant hypertension as the terminal stage of the seveie benign or 
early malignant type We also have seen cases which undoubtedly belong 
to the benign gioup but which, at a latei date, piesent the classic fea- 
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tuies of the malignant type Thus, there is clinical and pathologic evi- 
dence, in ceitain instances, at least, that the basic lesion in the three 
groups IS one of degree On the other hand, we recognize that in the 
great majority of cases of benign hypertension, the malignant syndrome 
never develops In consideration of these facts, any possible theory as 
to the cause of diffuse vascular hypertensive disease must explain 
(1) the slow progression in benign hypertension, (2) the rapid develop- 
ment and couise of malignant hypertension, particularly m the young, 
(3) the gradual transition from the cleancut picture of benign to that 
of malignant hypertension, and (4) the occasional development of malig- 
nant h 3 ’^pertension in cases of chronic glomei ulonephritis 

When a lesion was present in the arterioles of voluntary muscle, the 
chief pathologic changes were hypertrophy of the media, proliferation 
of the intima and marked reduction in the ratio of wall to lumen There 
were no actual signs of degeneration or changes similar to those of senile 
retrogression The facts that ceitain lesions were found in the arterioles 
of muscle obtained during life, and that later, at necropsy of the same 
patients, identical lesions were found and that similar lesions also were 
present in the aiterioles of many organs afford significant evidence that 
the changes observed in arterioles of muscles are indicative of diffuse 
vascular disease The lesion, if progressive, also offers a possible 
explanation of the widespread focal lesions seen at necropsy m cases of 
malignant hypertension In our experience, the presence or absence of 
this lesion in the arterioles of muscles may determine the diagnosis and 
prognosis in the individual case The frequent absence of any lesion in 
the aiterioles of voluntary muscle obtained at necropsy in cases of 
essential hypertension, as reported by Jores,® Fahr,’^“ Evans and 
Fishberg,^'* seems best explained by the fact that their series, perhaps, 
did not include cases of the serious progressive type of hypertension, 
such as those wluch we have classed as cases of early malignant or 
malignant hypertension 

The type of lesion in the arteiiole suggests hypertrophy in the face 
of excessive strain One interpretation would be that the lesion is sec- 
ondary to the hypertension However, there are cases of malignant 
hypertension in which there is only a moderate rise m blood pressure, 
this might indicate that the diffuse involvement of the arteiioles is pri- 
mary, and that sustained hypertension might result on account of 
increased peripheral resistance More facts are needed to explain the 
mechanism of the mtiicate balance between the output of the heart and 
the changes in the pei ipheral vascular structures 

The ophthalmoscopic observations of Wagener®^ in certain cases of 
this series are of great interest He noted occasionally in the absence of 


34 Wagener, H P Personal communication to the author 



KERNOHAN ET AL— ARTERIOLES IN HYPERTENSION 423 

definite scleiosis a marked naii owing of the small letinal arteiies, winch 
was due to actual vasoconstriction, later these same arteiies showed 
evident scleiosis of their walls This obseivation suggests that marked, 
continuous vasoconstriction may precede and later may give use to 
demonstrable histologic change m the arteiioles The unifoim occur- 
lence of hypeitiophy in the circular muscular layer of the arteriole lends 
suppoit to such a tlieoiy of development 

Ceitain physiologic and clinical obseivations on the capillaries have a 
possible beaimg on this point Richaids and Schmidt, fiom diiect 
obseivation of the vessels of the kidney of the frog, obseived that the 
slitlike opening at the junctuie of the afferent glomeiulai aiteiioles and 
the glomeiulai capillaiies is especially susceptible to constiictor influence 
These authors also observed a similai phenomenon in the aiterioles m 
the muscle of the fiog Landis,-' m his micropressure determinations 
in the mesenteiy of the frog, noted a sharp i eduction in pulse pressure 
at the aiteiiole-capillary juncture, and suggested that this fall may be 
paitly due to similar narrow openings at the points where the capillaiies 
spiing from arteiioles Blown and Roth**® suggested that the fast, 
spurting or jerky flow seen in the capillaiies at the nailfold in many cases 
of hypertension may be due to a possible distuibance of the precapillary 
arteiioles, an intermittent closure of the vessels They believed that 
this pel iodic closuie may be a factor in the pioduction of inci eased 
pel iphei al i esistance 

The primary cause of diffuse hypertensive vasculai disease is still 
mysterious Syphilis is so rarely present that it does not seem to be a 
factor It IS difficult to accept the conclusion of Fahr that the hypei- 
tension in all cases is of lenal origin Two geneial possibilities seem 
more probable Hypertension, it seems, may be due to an inheient 
disturbance of the sympathetic nervous system or it may be due to the 
action of a hypothetic pi^ssoi substance on the sympathetic chain, on 
sympathetic endings in the wall of the aiteiiole oi directly on the smooth 
muscle of the vessel wall 

SUMMARY 

The aiteiioles m voluntary muscle of ambulatoiy patients with diffuse 
hypertensive vascular disease frequently show distinctive histologic 
changes These changes differ in degree and may affoid a valuable 
index for piedicting the ultimate outcome in the individual case 

35 Richards, A N , and Schmidt, C F A Description of the Glomerular 
Circulation m the Frog’s Kidney and Observations Concerning the Action of 
Adrenalin and Various Other Substances upon It, Am J Physiol 71 178, 1924- 
1925 

36 Brown, G E , and Roth, G M Biomicroscopy of the Surface Capillaries 
m Normal and Pathologic Subjects, M J Australia 1 499, 1927 
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The object of this reseaich was to deteimine by what means life 
could be piolonged most eftectively following double nephrectomy and 
to study the effect of these methods on the blood chemistry and lesultmg 
symptoms 

Vicarious elimination has been suggested as the means by which 
substances usually eliminated by the kidneys may be secreted oi excreted 
by the stomach, intestines, saliva, sweat and lungs ’■ 

V’’oiking on the theory that stimulation of those piocesses and 
oigans which carry on vicarious elimination would result in a deci eased 
letention of nitrogenous waste products and would pi event the absorp- 
tion of toxic products from the intestines and thus prolong life, we 
studied the effects on nephrectomized dogs of proceduies designed to 
inciease the secretoiy and excietoiy activity of the gastro-mtestinal 
tract 

LITERATURE 

Biown-Sequaid, m 1889, published his theory on internal secietions, 
m which the kidney was included as one of the organs of internal 
seci etion, ascribing uremia to the failure or lack of such a secretion In 
1893,^ he stated that while nephrectomized animals lived only thirty houi s 
on the average, similar animals to which kidney extracts were given 
lived sixty houis He concluded that the accumulation of the nitrog- 
enous waste products was not the only factor responsible for the 
appearance of uremic symptoms, the distuibance of the internal secretion 
of the kidney being a moie powerful and active factor 

Submitted for publication, April 10, 1929 

From the Department of Physiology and Pharmacology, Northwestern 
University School 

1 McEnery, E T , Meyer, Jacob, and Ivy, AC J Lab & Clin Med 
12 368, 1927 

2 Brown-Sequard Arch d phys norm et path 5 778, 1893 
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lieitei and Wakeman lepoited a study of the alteiations in the 
composition of the blood resulting fiom double nephiectomy They 
used dogs in most instances and lemoved both kidneys at one opeia- 
tion They noted that these dogs developed a loss of appetite, diowsi- 
ness, vomiting, diaiihea and loweiing of temi^eratuie In a few 
instances, the second kidney was lemoved seveial days after the lemo'val 
of the fiist In a few otheis both uieteis were ligated and the kidneys 
not lemoved All the animals weie bled about the time of impending 
death Their investigations levealed that the alkalinity of the blood 
was inci eased , that the blood uiea was inci eased to ten times the noimal 
value 111 eighty-two houis or less, that the uiic acid content of the blood 
was not inci eased, and that the alcoholic and etheiial exti actives weie 
increased Eighteen dogs lived fiom twenty-two to eighty-two houis 
following double nephrectomy, the aveiage being foity-eight hours Six 
dogs lived fiom thiity-six to seventy-two houis following ligation of 
both uieteis, the aveiage being fifty houis The blood uiea in the 
nephiectomized animals vaiied fiom 103 to 458 mg pei hundred cubic 
centimeteis, the aveiage being 315 mg The tissues contained fiom four 
to five times moie than the noimal peicentage of mtiogen, piobably 
urea This eaily woik is open to ciiticism because of the gieat inac- 
cuiacy of the anal}d:ic methods employed 

Bradford,^ in 1899, in a study of the kidney and metabolism, made a 
few obseivations on the results of double nephiectomy and ligature of 
both uieteis Of four animals in which both uieteis had been ligated, 
two weie bled to death seventy-two houis aftei the opeiation, and two 
weie found dead on the moining of the thud day, so that they lived 
between foity-eight and sixty houis A double nephiectomy was per- 
foimed in only one animal and this animal was bled to death seventy-two 
hours aftei the operation 

Vitzou,® in 1902, investigating the internal secietion of the kidney, 
claimed to have kept animals alive following a two-stage double 
nephrectomy foi as^high as from 146 to 164 houis by no other measuie 
than injection of hlood seium from lenal veins of healthy animals of 
the same species This he interpieted as due to the inteinal secietion 
of the kidneys 

Amos,® m 1905, pointed out a definite vai lability in the toleiance 
of diffeient species of animals to renal intoxication He found that 
guinea-pigs, after unilateial uieteial obstruction, lived foi an aveiage of 
nineteen and one-half days, whereas lats, under the same conditions, 

3 Herter and Wakeman J Exper Med 4 117, 1899 

4 Bradford, JR J Physiol 23 415, 1899 

5 Vitzou, A N Bucharest, 1902 

6 Amos, B J Path & Bact 10 265, 1905 
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lived for an average of fifty-two days, but in each species, when both 
ureters were simultaneously ligated, the animal died in two da}s 

In the expel iments of Ajello and Paiascandalo, as quoted by 
Pearce,' twelve control dogs died in from four to forty-eight hours 
after double nephrectomy with symptoms of dyspnea, convulsions and 
gastro-mtestmal disturbances consideied to be uiemic, while of ten 
nephrectomized dogs treated with glycerin extracts of kidney substance, 
one lived four days, six lived three days, and three died m fiom fort}- 
eight to fifty-two hours Many other investigations give similar 
lesults 

While studying the effects of reduction of the kidney substance, 
Kai snei , Bunker and Grabfield ® noted that following the removal of 
the total kidney substance the urea nitrogen content of the blood 
increased until death intervened The average length of life following 
total nephi ectomy in three dogs was seventy-six hours , one dog lived 
ninety-six houis The average urea nitiogen content of the blood was 
285 mg pel hundred cubic centimeters 

In 1921, Foster ® noted that m nephrectomized dogs the urea formed 
60 per cent oi more of the total nonpiotem nitiogen, while in uremia 
it seldom formed more than 65 pei cent and often less than 50 per 
cent of the total nonprotem nitrogen 

Wallace and Pellini observed that double nephrectomy failed to 
pioduce acidosis They made then obseiyations on two dogs, both of 
which hyed four days following the opeiation 

Allen, Schaif and Lunden,^’- m a repoit of a study of experimental 
nephritis, stated “Total nephrectomy produces a condition which in 
dogs IS acutely fatal, generally within a couple of days Nitiogen 
retention and acidosis are demonstiable, but death occurs from weakness 
without edema, hypertension oi any of the clinical phenomena of nephri- 
tis The same procedure when earned out m goats yielded better 
1 esults, these animals surviving total nephrectomy for two weeks ” 
They could not produce edema even m paitially nephrectomized dogs 
with the heaviest feeding of salt 

Putaszek recently reported that he was unable to obtain very 
marked symptoms of acid intoxication m dogs surviving fiom two to 

7 Pearce, R M The Theory of Chemical Correlation as Applied to the 
Pathology of the Kidney, Arch Int Med 2 77 (Aug) 1908 

8 Karsner, Bunker, and Grabfield J Exper Med 22 544, 1915 

9 Foster, N B Uremia, JAMA 76 28 (Jan 29) 1921 

10 Wallace, G B , and Pellini, E J Capillary Poisons and Acidosis, Arch 
Int Med 28 711 (Dec) 1921 

11 Allen, F M , Scharf, F, and Lunden, H Clinical and Experimental 
Renal Deficiency, J A M A 85 1698 (Nov 28) 1925 

12 Putaszek, L Compt lend Soc de biol 96 567, 1927 
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five days after double nephrectomy There was a small diminution in 
alkali reserve, but the slight decrease was in marked contiast to the fall 
obseived in cases of human uiemia He expiessed the opinion that 
when the kidneys aie extiipated, some extrarenal mechanism maintains 
the alkali leseive appi oximately normal, whereas in uremia, the extia- 
renal mechanism bleaks down along with the kidneys 

Andrews reported several cases of dogs suivivmg from four to ten 
days following total nephrectomy The animals did not show evidences 
of acid intoxication even m the terminal stages They weie active, 
played about and had good appetites He injected hypertonic salt 
solution in such amounts that the chloride content of the blood was 
comparable to that in uremia, and leproduced eveiy manifestation of 
uiemia seen in the human being Both the chloride and the water rapidly 
made their way fiom the blood into the tissues, the biain and liver 
showed the highest chloride content and wei e the organs chiefly involved 
He assumed that degenerative changes in the liver due to an increased 
sodium-calcium content aie the fundamental sources of the uiemic 
toxins 

Swingle recently leported a study of the acid-base equilibiium 
after bilateral nephrectomy He employed a two-stage operation and 
leported eight dogs with an average postopei ative life of eighty-five 
hours, the longest being 120 and the shortest sixty-six hours He stated 
that although a slight fall in alkali yeserve may occur, the animals do not 
develop acid intoxication He found retention of sulphate, phosphate 
and urea, and a diminution of blood chlorides He felt that the decrease 
m chlorides which occurred was not due to chlorides lost m the vomitus, 
because one of the dogs did not vomit 

From these investigations it is seen that the length of life following 
total nephrectomy is extremely variable The average length of life 
in these animals is about seventy-two hours The extremely low figui es 
on survival time, of from four to twenty-four houis, must have been 
due to operative procedure The earlier investigations of the alterations 
of the composition of the blood resulting from double nephiectomy are 
open to criticism because of the methods of analysis employed at that 
time 

EXPERIMENTAL METHODS 

Large, well nourished dogs, averaging in weight about 18 Kg , were employed 
as experimental animals These animals were specially selected, being in the best 
physical condition, the smaller dogs were rejected because it was our experience, 
as well as that of others, that the larger and more vigorous animals survive 
bilateral nephrectomy longer than the smaller dogs They were kept in the 
laboratory several days before using in order to accustom them to their new sur- 

13 Andrews, E Experimental Uremia, Arch Int Med 40 548 (Oct) 1927 

14 Swingle, W W Am J Physiol 86 450, 1928 
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roundings and to obtain the normal blood chemistry values In all cases, except 
groups II and IX, the animals were fed raw ground meat mixed with bread 
The animals in groups II and IX were fed 200 Gm of bread, 500 cc of nulk 
and from 100 to ISO Gm of lactose each day before operation until they developed 
diarrhea After operation this diet was continued by forced feeding when 
necessary in group II But the animals in group IX were allowed to go without 
food when they refused it Specimens of blood were drawn from the saphenous 
vein by the use of a syringe 

Both kidneys were removed in one operation Through a midline incision, after 
severing of the peritoneal fold at the upper pole of the kidney, the kidney was 
delivered and decapsulated The renal vessels were clamped, doubly ligated and 
cut The ureter was ligated separately and cut All dogs were given a pre- 
operative injection of Yz gram (8 32 mg ) of morphine sulphate and ^4oo grain 
(0 6 mg ) of atrophine sulphate Anesthesia was induced with ether The 
period of operation was from fifteen minutes to one-half hour 

The analysis of the blood was performed according to the method of Fohn 
and Wu A protein-free filtrate was prepared and examined for nonprotein 
nitrogen, urea nitrogen, creatinine and chlorides 

Group I The dogs in this group were fed a meat diet, and were used as 
controls 

Group II These dogs were put on the lactose diet described, for from seven 
to ten days before operation, and after operation were fed by tube when they 
refused to eat 

Group III Following bilateral nephrectomy the animals in this group fed a 
meat diet, were given injections of 2 mg of histamine subcutaneously, two to three 
times a day 

Group IV These animals, also fed a meat diet, were given from 1 to 2 ounces 
of magnesium sulphate before operation until diarrhea occurred, and following 
operation, by tube when necessary 

Group V Following operation, these animals, fed a meat diet, were given a 
daily intravenous injection of Ringer’s solution rvith increased sodium bicarbonate 
content This solution, which we called “sodium bicarbonate Ringer’s,” was made 
up as follows sodium chloride, 0 45 per cent, potassium chloride, 0 42 per cent, 
calcium chloride, 024 per cent, and sodium bicarbonate, 0 65 per cent 

Group VI The same diet was used in this group Following operation, the 
animals were given a daily intravenous injection of Ringer’s solution made as 
follows sodium chloride, 09 per cent, potassium chloride, 0 42 per cent, calcium 
chloride, 024 per cent, and sodium bicarbonate, 0 02 per cent 

Group VII These animals, fed a meat diet, were given from 1,000 to 1,500 cc 
of Ringer’s solution subcutaneously, each day, in two or three doses 

Group VIII A meat diet w'as used in this group and from 1,000 to 1,500 cc 
of bicarbonate Ringer’s solution given subcutaneously, each day following 
operation 

Group IX Lactose diet was instituted preceding the operation until diarrhea 
developed After the operation, from 1,000 to 1,500 cc of Ringer’s solution was 
given subcutaneously each daj 

RESULTS 

Giotip I (tables 1 and 2) — There were six animals in this group, 
and their average weight was 17 7 Kg They were kept on a meat diet 
befoie operation and for as long after opeiation as they would eat In 
general, they appeared normal for about forty-eight to sixty hours after 
operation and occasionally for three days They ate, walked about and 
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seemed in excellent condition The first symptoms were “malaise” and 
loss of appetite They sniffed at offered food, possibly ate a bite or 
two and then tinned away Then they became listless, lying quietly foi 
horn s at a time, but when ai oused, walked about in normal fashion In 
this gioup, vomiting appealed as a lule on the third day, the vomitus 
consisting of bile stained fluid and mucus Diaiihea soon set in and 
in some cases, especially as the end approached, the stools became bloody 
As symptoms piogiessed, the animals showed inci eased weakness, 
especially of the hind legs, and swayed from side to side when walking 
As the teinimal stage approached, the animals passed into inci easing 
stupoi, then into coma, and finally died One of the animals in this 
group showed marked salivation on the thud day The aveiage length 
of life following bilateral nephiectomy in this group was 105 6 hours 

Analysis of the blood m these dogs showed a steady, day to day 
inciease in the content of nonprotein nitrogen, urea nitiogen, creatinine, 
and a i eduction of the chlorides Noimally, the ratio of the nonprotein 
nitrogen to urea nitiogen is usually 2 1, but as these substances accumu- 
late following total nephrectomy the uiea nitrogen inci eases at a greater 
late than the nonpiotem nitrogen, the latio becoming 3 2 

Atchley and Benedict obseived diminution of the chlorides follow- 
ing bilateial ureteral ligation of dogs They studied the chlorides lost in 
the vomitus and excieted in the feces, but they weie unable to account 
for the loss on the basis of vomiting or excessive excretion Study of 
chloride concentration of vaiious tissues such as muscle and brain 
likewise failed to show deviations from the noimal They weie unable 
to account foi the fall in blood chloiides on the basis of their 
examinations 

The lesults of the daily examination of the blood of one of the dogs 
in this group are given in table 1 

Table 2 shows the duiation of life, analysis of the blood just befoie 
death and time of appearance of vomiting and dial rhea of the animals in 
this group At autopsy, the chief changes were found in the gastio- 
intestinal tract and liver The stomach piesented a moderate degree 
of gastritis, and the lower portion of the ileum and colon were 
moderately inflamed The liver was dark and congested The brain 
was moie wet and the cerebial vessels were more congested than normal. 

Gtoitp II (tables 3 and 4) — There weie eleven dogs in this group, 
and their aveiage weight was 18 7 Kg They were kept on a low protein 
lactose diet as described, and when diarrhea had been instituted, bilateral 
nephrectomy was pei formed The aveiage length of life following the 
operation in this group was 137 6 hours, an average of thirty-two hours 
longei than the controls One animal in this gioup lived 194 houis, 
which was fifty-four hours longei than any animal in the control gi oup, 

IS Atchley, D W , and Benedict, EM J Biol Chem 73 1, 1927 
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and eighty-eight hours longer than the average for this group In spite 
of the great variability in the length of life following total nephrectomj, 
both in these experiments and in those of other investigators, a compari- 
son of the average length of life of the two groups may be made, because 
we feel that the groups include a sufficient number of animals 

After removal of both kidneys, the symptoms of latent uremia 
appeared as m the control animals, but weie somewhat delayed 

The analysis of the blood of these dogs showed that the retention of 
the nitrogenous waste products does not occur as rapidly as in the 
control animals 


Table 1 — Typical Blood Ohsovations on Conti ol Dog 4, Gioup I, FoUoiving 

Nephi eclomy 



Hours 


Nonprotein 

Urea 

Great 

Chlondes 



After 


Nitrogen, 

Nitrogen, 

mine, 

as NaCl, 



Open 

Weight, 

Mg per 

Mg per 

Mg per 

Mg per 


Date 

tion 

RS 

100 Ce 

100 Cc 

100 Cc 

100 Cc 

Comment 

4/30/26 


15 2 

291 

216 

1 1 

0 450 


5/ 1/20 


15 2 

29 6 

22 4 

14 

0 445 

Operation, 12 noon 

V 2/26 

22 

14 8 

72 2 

334 

3 43 

0 431 


5/ 3/26 

51 

14 7 

158 8 

100 8 

85 

0 429 

Vomited 

5/ 4/26 

70 

14 6 

201 0 

182 0 

101 

0 3=7 

Anorevia 

5/ 5/28 

93 

113 

238 0 

235 2 

12 5 

0 412 

Droivsy \ omited 

5/ 6/20 

122 

128 

403 2 

257 2 

14 7 

0 341 

Has diarrhea, \ omited 

5/ 6/26 







Died in coma at 2 p m 



Table 2 — Data on Conti ol Dogs 

VI Gioup I Followmg Nephi ectoiny 



Duration Nonnrotein 

Urea 

Great 

Chlorides 






of 

Nitrogen, 

Nitrogen, 

mine, 

as NaCl, 

Vomit 

Diar 

Sail 



Life, 

Mg per 

Mg per 

Mg per 

Gm per 

mg 

rhea. 

vation. 


Dog 

Hours 

100 Cc 

100 Cc 

100 Cc 

100 Cc 

Hours 

Hours 

Hours 

1 


140 

196 0 

126 0 

14 8 

0 231 

73 

43 

73 

2 


139 

366 8 


15 0 

0 212 

98 

98 


3 


88 

190 0 

100 0 

10 5 

0 396 


72 


4 


122 

403 2 

257 2 

14 7 

0 311 

51 

122 


20 


60 

2514 

127 6 

121 



41 


21 


S5 

485 0 

2410 

15 7 



72 


Ai erage 

105 6 

308 2 

202 4 

13 8 

0 290 

74 

75 



>iOte >iO edema nor convulsions ivere obser\ed 


At autopsy, there was usually a more marked inflammation of the 
stomach and intestinal mucosa than occuried in the control animals, 
probably because of the longer life The other changes were essentially 
the same The results of the daily examinations of the blood of one of 
the dogs m this group are given in table 3, while table 4 includes the 
summary of the results obtained in the series 

Gi oiip III (tables 5 and 6) — ^There were seven animals in this 
group Following bilateral nephrectomy, these animals received injec- 
tions of histamine three times a daj'^ 

McEnery, Meyer and Ivy ^ have shown that in experimental nephritis 
the gastric glands respond to an injection of histamine and that urea is 
eliminated in the gastric secretions We used this means of increasing 
vicarious elimination in this group of animals And although we were 
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not successful m prolonging the life of these animals, the aveiage length 
of life being ninety-eight and seven-tenths hours, the analysis of the 
blood revealed a definite delay in the letention of the nitrogenous waste 
products, and following the injections a drop was demonstiated in the 
content of nonprotein nitrogen, urea nitrogen and creatinine In dog 
47, the analysis of the blood at the fifty-third and the seventy-second 
houis showed only a slight use in the creatinine and no increase in the 
content of nonprotein nitiogen and urea nitrogen ovei this peiiod of 
nineteen hours Anothei interesting obseivation m this group was the 


Table 3 —Typical Blood Changes tn Dog 9, Gi oup II, Following Nephi cefomy 



Hours 

After 

Opera- 

Weight, 

Nonprotcin 
Nitrogen, 
Mg per 

Urea 

Nitrogen, 
Mg per 

Creat- 
inine, 
Mg per 

Chlondes 
as NaCl, 
Mg per 


Date 

tion 

Rg 

100 Cc 

100 Ce 

100 Cc 

100 Cc 

Comment 

7/26/26 


19 5 

252 

14 0 

15 

0 41 

Has diarrhea 

7/27/26 


19 5 

32 8 

13 0 

15 

0 41 

Operation at 6 p m 

7/28/26 

14 

18 4 

56 0 

37 2 

319 

0 39 

Dranlc ivatcr 

7/29/26 

48 

181 

87 6 

44 8 

63 

0 38 

Hed by tube 

7/30/26 

64 

181 

120 4 

104 0 

90 

0 38 


7/31/26 

88 

17 6 

1316 

117 6 

91 

0 37 


8/ 1/26 

112 

17 2 

163 8 

124 5 

10 5 

0 37 


8/ 2/26 

139 

16 2 

204 4 

1316 

117 

0 35 


8/ 3/26 

167 

15 9 

1512 

105 0 

13 0 

0 35 


8/ 4/23 

186 

15 2 

261 3 

143 6 

15 8 

0 34 

Vomiting, stupor, died 
in coma at Ham 



Table 4 — Data on Dogs 

in Gioiip II Follozvmg Nephrectomy 



Duration Nonprotem 

Urea 

Croat- 

Chlondes 



of 

Nitrogen, 

Nitrogen, 

mine, 

as NaCl, 

Vomit 


Life, 

Mg per 

Mg per 

Mg per 

Mg per 

mg. 


Dog Hours 

lOO Cc 

100 Cc 

100 Cc 

100 Cc 

Hours 

5 

108 

236 0 

108 2 

10 3 

0 432 

70 

7 

136 

270 0 

191 8 

11 5 

0 200 

140 

8 

194 

4312 

408 8 

19 8 

0 300 


9 

ISO 

2613 

143 0 

15 8 



23 

130 

360 5 

174 5 

12 0 


23 

24 

130 

3061 

182 5 

86 


44 

27 

138 

20S0 

130 4 

13 0 

0 450 

74 

33 

108 

102 5 

133 0 

114 

0 312 

94 

34 

145 

4541 

380 0 

15 3 

0 291 

115 

22 

89 

254 0 

61 5 

9 4 


25 

32 

90 

240 0 

194 0 

98 

0 400 

71 

Average 137 6 

283 8 

189 2 

12 08 

0 217 

73 


development of convulsions in five of the seven animals These began 
with slight muscular twitchings fiom two to ten houis before death, 
which increased in severity until definite clonic convulsions of all muscles 
were noted before death Three of the animals in this group showed 
spasmodic contraction of the diaphiagm synchronous with the heart 
beat 

The injection of histamine even m larger doses does not produce such 
lesults in normal animals 

The changes found at autopsy m these animals were similar to those 
observed in the control animals, except that in this group rigor mortis 
occurred soon after death 
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Table 5 shows the results of an hourly analysis of the blood in one of 
thiee animals Table 6 includes each animal in this series 

Gi onp IV (table 7) — In this series theie were six animals They 
were given 1 or 2 ounces of magnesium sulphate by stomach tube every 
da}'^ befoie operation until diarrhea developed, and after operation until 
death The average length of life in this group was eighty-nine hours 


Table S — Data on Dog 47, Gioup III, Following Nepheclomy 



Hours 

Nonprotein 

Urea 

Great 



After 

Nitrogen, 

Nitrogen, 

mine 



Opera- 

Mg per 

Mg per 

Mg per 


Dite 

tion 

100 Ce 

100 Cc 

100 Cc 

Comment 

2/13/28 

0 

26 4 

141 

1 70 

Meat Qiet, operation at i p m 

2/16/28 

4T 

122 0 

72 0 

7 22 

Condition fine ate and drank 


47 




2 mg histamine 


48 

135 5 

98 0 

7 89 



48 




2 mg histamine 


49 5 

178 5 

910 

9 09 



53 

150 0 

112 0 

8 57 


2/17/28 

72 

150 0 

112 0 

96 

Condition good 


72 




2 mg histamine 


73 

146 5 

95 2 

102 



73 




2 mg histamine 


74 

189 0 

88 0 

111 



78 

186 0 

112 0 

10 6 



81 




2 mg histamine 

2/18/28 





Spasmodic contraction of diaphragm 

2/19/23 

117 

272 5 

217 0 

14 6 

Condition poor 


117 




2 mg histamine 


118 

275 0 

196 0 

15 3 



118 




2 mg histamine 


119 

267 0 

200 0 

157 



123 

309 0 

238 0 

15 7 




Table 6 — Data on Dogs m 

Gjoup III Following Nephicctomy 



Dura 

Non 










tion 

protein 

Urea 

Great 

Chlorides 







of 

Nitrogen, Nitrogen 

mine. 

as NaCl, 

Vomit 




Convul 


Life 

Mg per 

Mg per 

Mg per 

Cm per 

mg. 

Diar 

Sah 


sions. 

Dog 

Hours 

100 Cc 

100 Cc 

100 Cc 

100 Cc 

Hours 

rhea 

■vation 

Edema 

Hours 

36 

118 

292 5 

244 5 

171 

0 270 

115 

0 

0 

0 

115 

46 

104 

236 0 

210 0 

10 2 


69 

0 

0 

0 

102 

47 

ISO 

309 0 

238 0 

15 7 


97 

0 

0 

0 

1 

48 

82 

175 0 

98 0 

9 2 at 


48 

0 

0 

0 

72 





48 hours 






49 

53 





45 

0 

0 

0 

24 

38 

102 





0 

0 

0 

0 

102 

SO 

97 





0 

0 

0 

0 

0 

Average 

98 7 

253 1 

197 6 

13 0 

0 27 

74 

0 

0 

0 

5 


Gioups V and VI (tables 8 and 9) — There were two animals in 
each gioup They received intravenously from 100 to 500 cc of bicar- 
bonate Ringer’s or Ringer’s solution intravenously at a single injection 
every day after operation The average duration of life for those 
receiving bicarbonate Ringer’s was ninety-four hours, and for those 
receiving Ringer’s solution the average duration of life after operation 
was sixty-five houis Dog 53 m group Y showed a small amount of 
fluid 111 the pleural and peritoneal cavities at autopsy , none of the other 
animals developed edema or ascites More animals were not used 
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because of the deleterious action of the piocedure (The solution was 
injected slowly, 20 cc per minute ) 

Gioiips VII and VIII (tables 10, 11 and 12) — Group VII includes 
nine animals which received Ringer’s solution subcutaneously (from 
1,000 to 1,500 cc daily in either two or thiee injections) with an 
average postoperative life of 165 hours, which is an average of sixty 
hours longer than the contiol animals One of the animals (dog 57) 
lived 224 hours, which is 119 hours longer than the average life of a 


Table 7 — Data on Dogs in Gioup IV Following Neplnectomy 




Duration 
of Life, 

Vomiting, 



Convulsions 


Dog 

Hours 

Hours 

Diarrhea 

Edema 

40 

92 

48 

Instituted before 
operation 

0 

0 

41 


S8 

42 

Instituted before 
operation 

0 

0 

42 


130 

48 

Instituted before 
operation 

0 

0 

43 


CO 

18 

Instituted before 
operation 

0 

0 

44 


88 

48 

Instituted before 
operation 

0 

0 

45 


89 

73 

Instituted before 
operation 

0 

0 



£9 

46 

Instituted before 
operation 

0 

0 



Table 8 — 

-Data 011 

Dogs in 

Gi oiip V 

Follozving Neplnectomy 

Dog 

Duration 
of Life, 
Hours 

Vomiting 

Diarrhea 

Edema 

Ascites 

Bicarbonate 
Ringer’s Injected 
Convulsion Daily, Cc 

50 

81 

0 

0 

0 

0 

0 500 

53 

104 

48 

0 

0 

0 

95 100 

Average 

94 








Table 9 

— Data 

011 Dogs in 

Gioup VI Following Neplnectomy 


Duration 
of Life, Vomit 

Dnr- 

Ringer’s 

Solution 

Convul Injected 

Dog 

Hours 

mg 

rhea Edema 

Ascites sions Daily, Cc 

51 

69 

48 

0 0 

0 0 500 

54 

62 

0 

0 0 

0 0 500 Pulmonary edema. 

Average 

65 



jaundice 


control animal and eighty-four hours longer than the best control 
animal Two of these animals showed salivation, six of the nine had 
edema demonstrably before death, and six of them had collections of 
fluid in the pleural and peritoneal cavities demonstrable at autopsy In 
dogs 57 and 61, ascitic fluid was removed by paracentesis twenty-four 
hours before death At autopsy a marked cerebral and pulmonary edema 
was demonstrated in nearly every case The analysis of the blood in this 
gioup demonstrated that instead of the usual drop in chlorides, there was 
a slight rise 
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Gioup VIII — This group includes five animals -which leceived bicar- 
bonate Ringer’s subcutaneously (from 1,000 to 1,500 cc daily in two 
or three injections) with an average postoperative life of 162 hours 
Three of the five developed edema and four of them developed ascites 
Gioup IX (table 13) — There weie five animals in this group, and 
they weie given a preoperative diet of lactose, bread and milk until 
diarrhea developed After operation they were given Ringer’s solution 
subcutaneously, two to three times a day 

The average postoperative life of this group was 140 hours Dog 18 
lived 198 hours, which is ninetj^-thi ee hours longer than the average 



Dog 57 which lived two hundred and twenty-four hours following double 
nephrectomy This dog received 1,000 cc of Ringer’s solution subcutaneously 
daily Note the edema of the face, neck, limbs, body and the abdominal disten- 
tion Ascitic fluid w'as removed from this animal several times 

for control animals Two of these animals salivated The entire group 
developed edema and ascites 

COMMENT 

There aie several probable explanations which will account for the 
longer average postoperative life of the control animals than that 
obseived by previous investigators In the first place, the animals used 
m these experiments were all in the best physical condition and of an 
average weight of 18 Kg When care is not employed in the selection 
of the animals and small animals in poor condition are used, the duration 
of life following total nephrectomy is much shorter In the second 
place, the operative procedure used in these experiments was simple and 
rapid, thus reducing the postoperative shock to a minimum 
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Lactose — The animals that were kept on a diet of lactose, bread and 
milk lived thirty-two hours longei than the control animals following 
double nephrectomy, and the nonprotein nitrogen, urea nitrogen and 
creatinine accumulated more slowly m these animals on a lactose diet 
This can be explained by the fact that these animals were on a low 
protein diet, that the nitrogenous constituents of the blood were lower 


T\ble 10— Typical Blood Changes m Dog 1, Gioup VII, Follozvmg NcpJncctomy 



Hours 

After 


Nonprotein 

Nitrogen, 

Great 

iDine, 

Chlorides 
as NaCI, 

Ringer’s 

Solution 


Opera 

Weight, 

Mg per 

Mg per 

Gm per 

Injected 

D^te 

7/11/28 

tion 

Kg 

22 5 

100 Cc 

34 2 

100 Cc 

147 

100 Cc 

Daily, Cc Comment 

Operation at 0 p m 

7/12/28 

24 

226 

839 

42 


1,500 

Condition good 

7/13/23 

48 

236 

230 5 

80 

0 447 

1,500 

Vomited, slight edema 
and salivation 

7/14/28 

72 

24 0 

300 0 

87 

0 468 

1,500 

Diarrhea, edema fore 
legs 

7/15/28 

96 

25 6 

343 8 

92 

0 484 

1,500 

Edema spreading 

7/16/28 

120 

24 2 

2610 

11 4 

0 478 

1,500 

Edema of serotum 

7/17/28 

144 

24 0 

212 0 

12 6 

0 486 

1,500 

Still vomiting 

7/18/28 

168 

24 0 

344 8 

13 0 

0 476 

1,500 

Vomiting severe, 
edema neek 

7/19/25 

7/20/28 

192 

199 

20 9 

405 4 

15 8 


1,500 

Apathy, vomiting, 
edema less 

Died in coma during 
night 



Table 11 

— Data on 

Dogs m 

Gioup VII Following NepJti cctomv 



Non- 



Chlor- 






Ringer’s 


Dura- 

protein 

Urea 

Great- ides 






Solu- 



tion 

Nitro 

Nitro 

mine, 

as 





Con 

tion 



of 

gen. 

gen. 

Mg 

NaOI, Vomit- 

Diar- 


As 

vul- 

Injected 


Life, 

Mg per Mg per 

per 

Gm per 

mg. 

rhea. 

Edema, 

cites. 

sions 

, Daily, 


Dog 

Hours 100 Cc 

100 Cc 

100 Oc 

100 Cc 

Hrs 

Hrs 

Hrs 

Hrs 

Hrs 

Co 


52 

201 





123 

123 

0 

0 

0 

1,000 

Pulmonary 













edema 

50 

165 





70 

95 

0 

DM 

0 

1,000 

Pulmonary 













edema 

57 

224 





115 

92 

142 

190 

0 

1,000 

Pulmonary 













edema 

CO 

109 





49 

49 

0 

0 

0 

1,500 

Pulmonary 












edema 

01 

191 





68 

62 

63 

168 

0 

1,500 

Pulmonary 













edema, 

snuffles 

1 

199 

405 4 


15 8 

0 471 

46 

72 

48 

P M 

0 

1,500 

Pulmonary 












edema 

2 

95 

218 9 


13 9 

0 448 

0 

0 

72 

0 

94 

1,500 

Pulmonary 













edema 

4 

136 

254 2 

217 9 

92 

0 520 

48 

72 

72 

PM 

0 

1,500 

Pulmonary 












edema 

7 

161 

2817 


11 5 

0 511 

72 

120 

120 

PM 

0 

1,500 

Pulmonary 












edema, 

snuffles 



to start with, that the acidunc condition of the gastro-mtestinal tract 
may decrease the absorption of toxic substances, and that the diarrhea 
may possibly have increased the vicarious elimination 

Hxstamme — The animals that were given injections of histamine 
lived approximately the same time as the controls The histamine led to 
a slight temporary decrease or delayed the increase of the mtiogenous 
constituents in the blood, which was immaterial 
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The most striking observation in this group was that five of the seven 
dogs had convulsions Histamine, when injected in the same amount, 
does not cause convulsions in normal dogs We are at a loss for an 
explanation as to why it caused convulsions in these dogs 

Magnesium Sulphate — Magnesium sulphate was used to determine 
the effect of diai rhea per se It was shown that these dogs do not live 


Table 12 — Data on Dogs m Gioiip VIII Following Nephiectomy 


Duration 



of Life, 

Vomiting, Diarrhea, 

Edema, 

Dog 

Hours 

Hours 

Hours 

Hours 

55 

133 

71 

96 

0 

58 

180 

U8 

118 

0 

69 

192 

146 

150 

146 

B2 

121 

54 

99 

76 

63 

185 

72 

72 

72 


Average 162 


Bicarbonate 


Ascites, 

Convul 

Ringer’s 

Injected 


Hours 

sions 

Daily, Cc 


PM 

0 

1,000 

Pulmonary edema 

165 

0 

1,500 

Pulmonary edema 

160 

0 

1,500 

Pulmonary edema 

PM 

0 

1,500 


0 

0 

1,500 

Pulmonary edema 


Table 13 — Data on Dogs m Gioup IX Following Nephiectomy 


Ringer’s 

Duration Vomit Solution 



of Life 

mg. 

Edema, 

Ascites, 

Convul- 

Injected 


Dog 

Hours 

Hours 

Hours 

Hours 

sions 

Daily, Cc 


9 

142 

98 

120 

PM 

0 

1,500 

Pulmonary edema, snuffles 

10 

143 

96 

72 

PM 

0 

1,000 

Snuffles 

11 

103 

94 

48 

PM 

0 

1,000 

Snuffles 

12 

118 

0 

72 

PM 

0 

1,000 

1,500 

Snuffles 

13 

198 

96 

144 

PM 

0 

Snuffles 


erago 140 


Table 14 — Siimmaiy of Data on All Gioups of Dogs Following Nephiectomy 




Num 

ber 

of 

Aver 

age 

Life, 

Long 

est 

Life, 

Short 

est 

Life, 

Vomit 

mg, 

Hrs 

: Diar Having 
rhea. Saliva 

Numbers 

A 

Devel- Having 
oping Convul 

Group Procedure 

Dogs 

Hrs 

Hrs 

Hrs 

Hrs 

tion 

Edema 

sions 

I 

Control 

6 

105 6 

140 

60 

74 

75 

1 

0 

0 

ii 

Lactose diet 

11 

137 6 

194 

89 

73 

Before 

operation 

0 

0 

0 

III 

Histamine 

7 

98 7 

130 

58 

74 

0 

0 

0 

5 

IV 

Magnesium sulphate 

6 

89 0 

130 

60 

46 

Before 

operation 

0 

0 

0 

V 

Bicarbonate Ringer’s * 

O 

94 0 

104 

81 

48 

0 

0 

0 

1 

VI 

Ringer’s 

2 

65 0 

69 

62 

48 

0 

0 

0 

0 

VII 

Ringer s subcutaneouslj 

9 

165 0 

224 

95 

75 

73 

2 

6 

1 

Mil 

Bicarbonate Ringer’s 
subcutaneously 

5 

162 0 

192 

121 

92 

107 

0 

3 

0 

IX 

Lactose per os and bi 
carbonate Ringer’s 
subcutaneouslj 

5 

140 0 

198 

103 

96 

Before 

operation 

2 

5 

0 


* Solution given intravenously 


as long as the controls, and therefore that the diarrhea, per se, has a 
deleteiious effect on the nephrectomized dog The diarrhea produced 
b} tbe magnesium sulphate was marked and had an evident weakening 
effect on the dogs 

Rmgei’s Solution Inti avenously — ^The intravenous administration of 
Ringer’s solution had such a deleterious effect on these dogs, as is shown 
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by the decreased length of life, that this method was discontinued, 
especially since an acute pulmonary edema developed in one dog 

Rmgei’s SoluHon Suhciitaneottsly — Our results definitely show that 
the subcutaneous administi ation of Ringer’s solution prolongs the life 
of bilateially nephrectomized dogs, and is the best method that we have 
employed We believe that it operates by making up for the water 
and chlorides lost by vomiting and diarihea and by aiding vicaiious 
elimination It is known that the injection of Ringer’s solution increases 
gastric secretion, which, according to McEnery, Meyer and Ivy’s work,^ 
would tend to decrease nitrogenous retention The prevention of dehy- 
dration and decrease of the sodium chloride, we believe, is the most 
important factor The edema per se may prolong life by diluting the 
toxins in the tissues or by some unknown mechanism 

The pioduction of edema in nephrectomized dogs is especially signifi- 
cant because it has long been a question as to why neplii ectomized dogs 
do not develop edema According to Bence,^“ nephrectomized rabbits 
develop edema, and it is known that rabbits do not vomit Nephi ec- 
tomized dogs begin to vomit on the second or third day, and diarrhea 
soon follows, which leads to dehydi ation and loss of chloiides The 
most logical explanation for the appearance of edema in nephrectomized 
dogs that received Ringer’s solution subcutaneously is that the tissues 
weie supplied with water and chlorides so that edema could occur We 
are not certain as to the role played by the chloiides in the production 
of the edema But this problem is under investigation 

CONCLUSIONS 

1 Control animals on a meat diet live an average of 105 6 hours 
following double nephi ectomy, the maximum length of life being 140 
houi s and the minimum being sixty hours 

2 Animals on a diet of bread, milk and lactose live an average of 
137 6 hours, a maximum of 194 houis and a minimum of eighty-nme 
hours following double nephrectomy This is an average of thirty-two 
houis longer than the contiol animals Therefoie this diet piolongs life 
following double nephi ectomy and delays the accumulation of nitrog- 
enous constituents of the blood 

3 The injection of Ringei’s solution subcutaneously piolongs life 
following double nephrectomy The animals in this group live an 
aveiage of 165 hours, 'which is sixty hours longer than the postoperative 
life of the control animals It also produces an edema, but we are not 
yet pi epai ed to state whether it is the water or the chlorides that plays 
the most important part m the pioduction of this edema 

16 Bence, N Experimentelle Beitrage zur Entstehung der nephnt’schen 
Oedema, Ztschr f khn Med 67 69, 1909 



THE ACTION OF MERBAPHEN (NOVASUROL) 

ON THE KIDNEY OF THE DOG 

A COMBINED EUNCTIONAL AND PATHOLOGIC STUDY * 
HADDOW M KEITH. MB 

AND 

B I JOHNSTONE, MB 

DETROIT 

Merbaphen (novasurol), an organic mercury compound, is at present 
being used as a diuretic m the treatment of ceitain patients with edema 
and ascites It is well known that mercury i eadily damages the kidney 
We ^ have shown that merbaphen, though less toxic than certain other 
mercurials, in sufficient doses brings about degenerative changes in the 
renal epithelium of the rabbit identical with that produced by the other 
less complex mercury compounds in common use 

In this investigation, a fuither study of the action of meibaphen 
was made by cairymg out combined functional and histologic obseiva- 
tions m the dog Five animals weie employed As shown by Mac- 
Nider ~ and Dayton,^ the dog is subject to spontaneous renal disease To 
avoid confusion from this factor, the animals were subjected to func- 
tional tests and the urine examined before merbaphen was mjected The 
chaiacteiistic lesions of spontaneous nephritis as described by these 
authois weie also searched for when the kidney tissue was examined 
micioscopically 

In a few instances the drug was given directly into the vein, but usu- 
ally it was injected intramuscularly It was diluted witli physiologic 
solution of sodium chloride in such pioportion that 0 1 cc of meibaphen 
was contained in 0 5 cc of the solution Doses varying from 0 045 to 
0 332 cc per kilogram oi from 0 2 to 0 8 cc per animal were used Such 
amounts would be equivalent to from 1 to 2 2 cc for a man weighing 
70 Kg In one instance, a dose of 1 6 cc was given For varying 
periods before and after each injection, as indicated m the tables, the 

* Submitted for publication, April 10, 1929 

*From the Department of Medicine, Henry Ford Hospital, Detroit, and the 
Department of Pediatrics, School of Medicine and Dentistry, University of 
Rochester, Rochester, N Y 

1 Johnstone, B I , and Keith, H M Toxicity of Novasurol (Merbaphen) 
Its Action on the Kidney of the Rabbit, Arch Int Med 42 189 (Aug ) 1928 

2 MacNider, W de B A Pathological Study of the Naturally Acquired 
Chronic Nephropathy of the Dog, J M Research 34 177, 1916 

3 Dayton, H Reliability of Dogs as Subjects for Experimental Nephritis, 
J III Research 31 177, 1915 
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mine was examined mici oscopicall)'’ and the volume, albumin, specific 
giavity and total chlorides detei mined The kidney function as evi- 
denced by the phenolsulphonphthalein excretion was observed at fie- 
quent intervals The blood chloiides and either the blood uiea nitiogen 
or the nonpiotein nitrogen weie detei mined immediately befoie the 
injection and again twenty-four houis afterwaid After the animals 
had been given the diug for diffeient lengths of time, the kidneys weie 
examined eithei following nephiectomy or at neciopsy Small strips 
of tissue were lemoved from diffeient areas of each oigan, preserved 
m 10 per cent formaldehyde, then dehydrated, fixed m paraffin, sec- 
tioned and stained with hematoxylin and eosin 

PROTOCOLS 

Dog 1 — An animal weighing 13 2 Kg was placed in a metabolism cage and 
given the usual scrap diet and water as desired Observations were made on tne 
urine and functional state of the kidneys over a preliminary period of twenty-four 
days The data are summarized in table 1 There was a trace of albumin m the 
urine on several occasions, but the results were otherwise normal 

This animal was then given eleven doses of merbaphen over a period of five 
months at intervals of about two weeks, as shown m table 1 A dose of 02 cc 
was given except in two instances, when 01 and 04 cc were injected The first 
two doses were given intravenously, the remainder intramuscularly A dose of 
0 2 cc 111 this animal would be 0015 cc per kilogram and equivalent to approxi- 
mately 1 cc for a man weighing 70 Kg Following the first four doses and par- 
ticularly after the initial one, there was considerable diarrhea, with blood in the 
stools twice This did not recur after the later doses, and the dog remained clin- 
ically well throughout the experiment Definite diuresis resulted only following 
the first and tenth doses There was no significant change in the specific gravity 
of the urine Albumin occurred only occasionally and m small amounts, there 
being no increase over that present before the experiment was begun No con- 
stant change was observed in the amount of chlorides excreted in the urine during 
the twenty-four hours following injection of the drug The ability of the kidneys 
to exciete phenolsulphonphthalein was not impaired There was no constant 
change in the blood chlorides as determined immediately before and twenty-four 
hours after merbaphen was given The blood urea nitrogen was within the limits 
found by Haden and Orr * to be normal, except on two occasions, when it rose 
to 304 mg per hundred cubic centimeters of blood 

Seven days after the eleventh dose, the animal was killed within four minutes 
by a massive dose of ether, and autopsy was immediately performed The right 
kidney weighed 38 Gm The capsule was not thickened and stripped readily, 
leaving a smooth, glistening, reddish surface The cut margins did not evert 
The cortex and medulla were sharply demarcated Peripherally, the cortex was 
a purplish red, whereas medially fine radiating gray lines were separated by narrow 
reddish areas The medulla was a dark reddish purple The pelvis was normal 
The left kidney weighed 37 Gm and was similar in appearance to the right kidney 

In small scattered areas, however, the epithelium lining the convoluted tubules 
was swollen with some loss of cell boundary The nuclei in some of the cells 

4 Haden, R L , and Orr, T G Chemical Changes in the Blood of the 
Dog After Intestinal Obstruction, J Exper Med 37 365, 1923 
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* an SlyLe, D I) , and Cullen, G E Modification of Marshall’s Method, J Biol Chem It) 
311, 1914 

** Whitehorn J Biol Chem 4“> 449, 1921 

t Control average of eighteen determinations— 24 hour periods, minimum, 75 cc , maximum, 
550 CC 

J Control average of fourteen determinations— 24 hour periods, minimum, 73 cc , mavimum, 
575 cc 

§ Control average of nine determinations— 24 hour specimens, minimum, 103G, maMmum, 
1048 
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had disappeared There was a small amount of exudate m the lumina of a 
number of the convoluted tubules The malpigluan bodies were normal There 
was no evidence of edema, no increase in connective tissue and no infiltration 
with small round cells A few small retention cvsts were scattered throughout 
the cortex 

Summary — Dog 1 did not have abnormal functional or histologic manifesta- 
tions to classify it as nephropathic, although there were traces of albumin m the 
urine on the preliminary examination This animal was given eleven doses of 
merbaphen, each equivalent to approximately 1 cc for a man weighing 70 Kg 
over a period of five months Diarrhea was present after the first four doses, 
but there was no further clinical evidence of toxicity There was no constant 
diuresis, no decrease in the specific gravity, no increase in the albumin in the 
urine, and no constant increased output of chlorides There was no diminution 
in the amount of phenolsulphonphthalein excreted at the end of two hours, and 
no constant change in the blood urea nitrogen or blood chlorides The kidneys 
when examined seven days after the eleventh dose of the drug showed no gross 
change Microscopically, there was evidence of a small amount of acute degen- 
eration 

Dog 2 — An animal weighing 14 8 Kg was studied in a similar manner, except 
that larger doses of merbaphen were given Observation prior to injection of the 
drug revealed no abnormality The clinical observations were similar to those 
in dog 1 

Twelve injections of merbaphen were given over a period of about five months 
at intervals of two weeks A dose of 04 cc was given except in three instances 
when on two occasions 0 2 cc was injected and once, 0 8 cc The first dose was 
given intravenously, the remainder intramuscularly A dose of 04 cc in this 
animal would be 0 024 cc per kilogram and equivalent to 1 7 cc for a man weigh- 
ing 70 Kg Bloody diarrhea was observed following the first dose and simple 
diarrhea after the early injections The animal otherwise remained clinically 
well Definite diuresis was observed only following the second and seventh doses 
There was no significant change in the specific gravity of the urine Albumin did 
not appear until following the last four doses, when the urine contained a moderate 
amount The chloride excretion was determined following seven injections In 
only two instances was there a definite increase, and this occurred during the 
second twenty-four hours The phthalem excretion, which had been 80 per cent 
at the end of two hours before the experiment was begun, was repeatedly deter- 
mined It varied between 60 and 90 per cent, the last two determinations being 
90 and 80 per cent, respectively The test was usually carried out during the 
twenty-four hours following the injection of the drug, but a number of observa- 
tions were made at other times to note any variation There was no constant 
change in the blood urea nitrogen or blood chlorides The former reached a level 
of 27 9 on one occasion, six days after the initial dose of merbaphen 

Nine days after the twelfth dose of the drug, the animal was killed within four 
minutes by a massive dose of ether, and autopsy was immediately performed 
The kidneys each weighed 40 Gm and were similar in appearance The capsule 
was not thickened and stripped readily, leaving a smooth, glistening, dark red 
surface The cortex and the medulla were sharply demarcated The cut margins 
did not evert The cortex was dark red peripherally but medially contained light 
lines separated by narrow reddish areas The pyramids were dark purplish red 
The pelvis and arteries were normal 

When examined histologically, a portion of the convoluted tubules, especially 
those in close proximity to malpighian bodies, showed a mild degree of degenera- 
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tion There was some swelling of the epithelium and loss of cell boundary The 
nuclei were for the most part intact There was considerable flattening of the 
epithelium in some of the tubules The lumina contained considerable homo 
geneous pinkish-stammg exudate Similar exudate was present m the capsular 
spaces of a few of the malpighian bodies The remainder were normal There 
was no evidence of edema An occasional small area showing dense infiltration 
with round cells and increase m connective tissue with disappearance of the 
tubules was found In these areas, the malpighian bodies had thickened capsules 
and partially fibrosed glomeruli Such areas were small and were found only 
after careful search The blood vessels were normal There were a few small, 
cysthke spaces 

Summary — Although a few small areas of chronic change were found his- 
tologically, since there was no albumin in the urine and functional tests were 
normal, dog 2 could scarcely be classified as nephropathic This animal was given 
twelve injections of merbaphen, each being equivalent to 1 7 cc for a man weighing 
70 Kg , over a period of five months at intervals of two weeks There was some 
diarrhea and melena following the initial doses, but except for this the dog 
remained clinically well Following the last four doses, albumin appeared in the 
urine The phthalein excretion and the specific gravity of the urine remained 
normal No constant change was observed m the blood urea nitrogen and 
chlorides or urine chlorides, and diuresis was not constant At necropsy, nine 
days after the twelfth dose, a small amount of parenchymal damage and a small 
amount of chronic change were present 

Dog 3 — An animal weighing 27 3 Kg was studied m a similar manner Still 
larger doses were given The preliminary phthalein excretion at the end of two 
hours was 80 per cent, and the urine was normal 

Five doses of 0 8 cc were given over a period of three months at intervals 
of two weeks This dose would be 0 029 cc per kilogram and equivalent to 2 05 cc 
for a man weighing 70 Kg All injections were made intramuscularly Following 
the first dose there was considerable diarrhea, malaise, frothing at the mouth 
and grinding of the teeth This disappeared in a few days and did not recur 
following subsequent doses There was some diuresis after each dose This was 
greatest following the second and third doses and was accompanied by a greatly 
increased intake There was no significant change in the specific gravity of the 
urine Albumin was present in the urine after each dose, being found from the 
second to the fourth days following injection of the drug The phthalein excretion 
remained high, and the blood urea nitrogen was not increased There was an 
increase in the urine chloride on three occasions, but on two of these it was delayed 
tnent 3 -four hours There was no constant change in the blood chlorides 

Seven days after the fifth dose, nephrectomy of the left kidney was done with 
the dog under ether anesthesia (This animal was subsequently used for other 
purposes ) The left kidney weighed 60 Gm The capsule stripped with slight 
difficulty, some of the tissue being torn from the otherwise smooth reddish surface 
The cut margins everted slightly The cortex and medulla were fairly sharply 
demarcated The inner half of the former showed definite yellowish lines radi- 
ating outward and separated by narrow reddish areas continuous with the outer 
reddish portion The medulla was a purplish color The vessels and pelvis were 
normal 

On histologic examination, certain areas of proximal convoluted tubules took 
the acid stain more deeply than the remainder of the tissue Here the epithelial 
cells uere swollen, the cell boundary indistinct and the nucleus was occasionally 
absent There was considerable exudate in the lumina There was no evidence 
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of edema and no increase in connective tissue or infiltration with wandering cells 
The malpighian bodies and blood vessels were normal An occasional small cyst 
was present 

Sunwiaf y —Dog 3, a normal animal, was given five doses of merbaphen, each 
equivalent to 2 05 cc for a man weighing 70 Kg , over a period of three months 
She showed diarrhea and malaise after the first dose but soon recovered and 
remained clinically well Diuresis occurred after each dose, and albumin appeared 
in the urine after the last four The blood urea nitrogen, phthalem excretion 
and specific gravity of the urine remained normal An increased output of 
chlorides in the urine took place on three occasions There was no constant change 
in the blood chlorides The left kidney, removed at operation seven days after 
the fifth dose of merbaphen, showed evidence of some acute degeneration 

Dog 6— An animal weighing 19 Kg was given four doses of 0 6 cc of mer- 
baphen over a period of one and a half months at intervals of two weeks This 
dose would be 0 032 cc per kilogram and equivalent to 2 21 cc for a man weighing 
70 Kg The first dose caused diarrhea and considerable malaise This soon 
disappeared and did not recur A definite diuresis occurred after the first dose, 
but there was no definite increased output after subsequent doses The specific 
gravity showed no significant change There was no albumin following the first 
dose, but it was present m considerable quantities following later doses The 
phthalem excretion remained high, and the blood urea nitrogen was not increased 
There was an increase in the urine chlorides on two occasions There was no 
constant change in the blood chlorides 

Four days after the fourth dose, nephrectomy of the left kidney was per- 
formed with the animal under ether anesthesia The animal died twelve hours 
later from hemorrhage into the peritoneal cavity Autopsy was done four hours 
later and the right kidney removed and examined 

The left kidney weighed 48 Gm The capsule was slightly thickened but 
stripped fairly readily, the surface being torn in only a few places The surface 
was otherwise smooth and was a reddish yellow On cut section, the margins 
everted slightly The cortex was sharply demarcated from the purplish medulla 
The peripheral portion of the cortex was reddish brown, while the deep portion 
consisted of yellowish radiating lines separated by narrow reddish areas The 
blood vessels and pelvis were normal 

On histologic examination the convoluted tubules showed evidence of degen- 
eration, more widespread and involving a greater proportion of the parenchyma 
than in dogs 1, 2 and 3 Although there was little evidence of necrosis, the 
degeneration was more advanced In addition to the swelling and loss of cell 
boundary, many of the nuclei were pyknotic and in a great many cells had disap- 
peared There was considerable exudate in the lumina The majority of the 
malpighian bodies were normal In a few there was a small amount of exudate 
in the capsular space There were a few wedgeshaped subcapsular areas showing 
infiltration with round cells and increased connective tissue In these. Bowman’s 
capsule and the glomeruli had undergone some fibrosis There were a few cyst- 
hke spaces The blood vessels were not abnormal 

The right kidney which was removed at autopsy showed extensive paren- 
ch} matous degeneration About three fourths of the convoluted tubules and about 
one half of the ascending limbs of Henle had undergone complete necrosis There 
was also swelling and vacuolization in the collecting tubules Few normal con- 
voluted tubules remained Those not already completely necrosed were in the 
various stages of degeneration The tubules were widely separated Except for 
a small amount of exudate and fibrosis, as seen in the left kidney, the malpighian 
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bodies ^\ere not abnormal A few wedge-shaped subcapsular areas of increased 
connectne tissue and round cell infiltration w^ere present in tins kidney, as in the 
left The blood vessels w^ere not abnormal 

This dog, although apparently normal clinically, must be considered at least 
mildly nephropathic as evidenced by histologic examination of the kidnejs after 
nephrectomy and at necropsy She was gnen four doses of 0 6 cc of merbaphen 



Fig 1 — Section from the left kidney of dog 6 removed at operation four 
days after the fourth dose of 0 032 cc per kilogram of merbaphen given intra- 
muscularly In the center of the photograph, the convoluted tubules show' char- 
acteristic degeneration The cytoplasm has partially disintegrated and that 
remaining has taken the acid stain more deeply than the surrounding normal 
tissue The nuclei are pyknotic and the lumma are almost completely filled with 
debris , 16 mm obj 
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over a period of one and one-half months Such a dose would be equivalent to 
2 2 cc for a man weighing 70 Kg Diarrhea occuired after the first dose, and 
considerable albumin appeared in the urine after the last three doses No diuresis 
was observed, and there was no constant increase in the total chlorides in the 
urine during the twenty-four hours following the injection of the drug Theie 
was no constant change in the blood chlorides The blood urea nitrogen, phthalem 
excretion and specific gravity of the urine remained unchanged The left kidney 
removed at operation four days after the fourth dose showed a definite amount 
of early parenchymatous degeneration The right kidney removed at autopsy 
sixteen hours later showed extensive tubular change There was a small amount 
of chronic renal change 

Dog 7 — An animal weighing 13 2 Kg was placed m a metabolism cage and 
given 320 Gm of dog biscuit daily with water as desired For a preliminary 
period of five days, the water intake and urine output were carefully determined 
every twelve hours Urinalysis was earned out on each specimen and the total 
chlorides estimated The blood on three occasions was examined for nonprotein 
nitrogen and chlorides These preliminary results are recorded in table 2 The 
average intake for twelve houis was 154 cc and the urine output, 156 cc The 
average total chloride in the twelve hour urine was 078 Gm A trace of albumin 
was found in all specimens and an occasional cast on one examination 

The animal was now given 0 3 cc of merbaphen intramuscularly on thiee 
occasions at intervals of two and three weeks, respectively This dose would be 
0 023 cc per kilogram and equivalent to 1 9 cc for a man weighing 70 Kg Before 
and after each injection detailed observations, summarized m table 2, were carried 
out every twelve hours as in the preliminary study There was a definite diuresis 
on each occasion The specific gravity showed no significant change The albu- 
min persisted in the urine but was not increased in amount After the second 
dose a trace of reducing substance appeared in the urine There was a slight 
increase in the total chlorides after one injection, but there was no constant change 
in the blood chlorides or nonprotein nitrogen 

One week after the third injection, a further investigation Avas carried out on 
the same animal The twenty-four hour period was divided into three periods 
of eight hours each and the drug given at the beginning of the second period in 
the manner described by Keith and Whelan ° No food or Avater Avas given for 
the twenty-four hours The dog was catheterized at the beginning of the experi- 
ment and at the end of each eight hours The dose given Avas 0 3 cc or 0 023 
cc per kilogram Three similar separate investigations were carried out, as out- 
lined m table 3 After each dose of merbaphen, definite diuresis occurred accom- 
panied by an increase in the output of total chlorides No increase in the 
albuminuria and no showers of casts were noted The reducing substance per- 
sisted m the urine and increased slightly in amount 

The dog Avas now allowed to rest for four months, at the end of which time 
nephrectomy of the left kidney Avas done under ether anesthesia and the kidney 
examined Microscopically there was no evidence of acute degeneration, but in 
some of the tubules the epithelium Avas a little flatter than normal The glomeruli 
and blood vessels were normal There Avere occasional small nests of lymphocytic 
infiltration and an occasional small cyst 

The animal was again alloAved to rest, this time for a period of six Aveeks 
During the next five and one-half Aveeks she Avas given frequent doses of mer- 

5 Keith, N M , and Whelan, Mary A Study of the Action of Ammonium 
Chloride and Organic Mercury Compounds, J Clin Investigation 3 149, 1926 
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baphen, at first every three to five days, and later every other day In all, four- 
teen doses of 0 3 cc or 0 023 cc per kilogram were given and observations carried 
out as outlined in table 4 During the first three weeks diuresis occurred after 
each injection, except the second Later this was not so pronounced, although 
the average daily output was increased from approximately 260 to 408 cc Albu- 
min persisted, with little change m the amount The reducing substance remained 
constantly m the urine in measurable amounts After the fourth injection casts 
appeared, and following later doses, they gradually increased m number Fol- 
lowing nine of the fourteen injections, the total chlorides were increased, after 
two, the specimens were lost, and after three, they were the same or decreased 
The blood nonprotem nitrogen was somewhat above normal on three occasions 
and within normal limits on three The elevation was not marked and was possi- 
bly due to the fact that the remaining kidney was slightly overtaxed by repeated 
doses of the drug Three months after the completion of the experiment the 
nonprotem nitrogen was normal on two occasions, demonstrating the absence of 

Table 3 — The Effect of Mei baphen on the Uiine of Dog 7, Weighing 13 2 Kg* 


Urine 

I 

Reduc Oliloride, 




Out- 


Albu 

ing 

Gm 



Date, 

1927 


put, 

Specific 

ram, 

Sub 

(Van 

Microscopic 


Time 

Cc 

Gravity Grade 

stance Slybejt 

Examination 

Comment 

1/SO 

11 pm 







Cathetenzed 

1/31 

7am 

51 

1048 

Trace 

1 

0 40 

Many pus cells 

Merbaphen, 0 3 cc 







intramuscularly 


3pm 

75 

1039 

Trace 

Trace 

130 

Pus cells and erythrocytes 



11 p m 

41 

1042 

1 

Trace 

0 43 

Pus cells and erythrocytes 


2/10 

11pm 






Cathetenzed 

2/17 

7am 

57 

1051 


2 

0 49 

Pew erythrocytes 

Merbaphen, 0 3 cc 








intramuscularly 


3pm 

92 

1033 

Trace 

3 

0 70 

Many erythrocytes 


3/ 9 

11 pm 

42 

1030 

Trace 

Trace 

027 

Many erythrocytes, some 
leukocytes 


Up m 






Cathetenzed 

7am 

60 

1055 


3 

0 83 

Erythrocytes, leukocytes 

Merbaphen, 0 3 cc 








intramuscularly 


3pm 

74 

1040 

Trace 

2 

137 

Erythrocytes, leukocytes 




44 

1040 

Trace 

2 

015 

Erythrocytes, leukocytes 



* During- these experiments the dog received no food or water All specimens of urine 
were obtained by catheter 

f Van. Sly he J Biol Chem 5S 523, 1923 1924 


permanent renal injury During the final two weeks of the experiment, the dog 
refused some of her diet and was much less active than usual There was no 
vomiting 

For the next five months, she was given a general hospital scrap diet, and at 
the end of this period weighed 17 5 Kg and appeared well The urine contained 
no albumin, sugar or casts The dog was again placed m a metabolism cage and 
given no food or water for twenty-four hours She was cathetenzed before the 
experiment was begun and at the end of each eight hours At the end of the 
first eight hours, she was given a dose of 1 6 cc of merbaphen intramuscularly 
Such a dose would be 0 09 cc per kilogram and corresponds to that which we ^ 
found to be the maximum single tolerated dose for a normal rabbit This resulted 
in a marked diuresis with a great increase in the total urine chlorides, as shown 
in table 5 During the third eight hours, there were showers of finely granular 
and cell casts in the urine No reducing substance was noted About thirty-six 
hours after the drug was given the animal vomited, became drow'sy and weak, 
and passed numerous soft and liquid stools The vomiting and malaise increased, 
and after five days the dog died Autopsy was performed immediately 
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The Jeft kidney had been pieviously removed Tlie right kidney was pale and 
small but smooth, and the capsule stripped readilj The cut edges rolled out 
slightly The cortex was uniformly pale The medulla was a chocolate red 
On histologic examination, there was widespread parenchymatous degeneration 
The majority of the convoluted tubules and ascending limbs of Henle had under- 
gone complete necrosis The remainder showed various stages of degeneiation 



Fig 2 — Section from the right kidney of dog 7 removed at autopsy five days 
after a single lethal dose of merbaphen The glomeruli are normal The epi- 
thelium of the convoluted tubules for the most part shows either complete necrosis 
or the \arious stages of regeneration, 16 mm obj 

A good deal of exudate and a large number of casts were present m the lumina 
The malpighian bodies were normal except that a few show'cd a little homo- 
geneous exudate m the capsular space There was some evidence of edema Con- 
sideiable regeneration w'as found, as evidenced by the presence of large irregular 
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cells with vesicular nuclei and bluish-stainmg cj'toplasm In some areas, the 
necrotic material was surrounded by irregular young cells Some of the tubules 
were lined by flattened epithelium, although this was not a prominent feature 
No calcium deposition was seen As described in the left kidney, there were a 
few small areas of lymphocytic infiltration and a number of small cysts 

Snmmmy — Dog 7 was used for a number of different experiments during 
which the diet was carefully controlled A trace of albumin was found in the 
urine before the study was begun, but nothing further was found to classify the 
animal as nephropathic In the first experiment, three doses of 0 3 cc of mer- 
baphen were given at rather long intervals Following each injection there was 
diuresis, and after one, an increased chloride output in the urine A trace of 
reducing substance appeared in the urine, but no other evidence of toxicity was 
observed There was no constant change in the blood chlorides 

One week after the first experiment, a second, similar to the first except that 
no food or water was given for twenty-four hours, was started A dose of 03 
cc was given on three separate occasions, at considerable intervals A definite 

Table 5 — The Effect of Mcibaphen on the Blood and Uiine of Dog 7, 

Weighing 17 5 Kg 


Urine 

Ji 

Total 

Beduc CWonde, 




Out 


Albu 

]ng 

Gm 



Date, 


put, 

Specific 

mm, 

Sub 

(Van 

Microscopic 


1928 

Tune 

Cc 

Gravity Grade stance SIj ke)* 

Examination 

Comment 

3/27 

11 p m 



— 

0 


Bed and white blood cells. 









no casts 


3/2S 

7 a m 

113 

1 043 

2 


097 

Bed and white blood cells. 

Merbaphen, 1 6 cc 








no casts 

intramuscularly 

3/28 

3pm 

715 

1013 

1 

0 

630 

Bed and white blood cells. 









no casts 


3/23 

11 pm 

82 

1 024 

2 

0 

0 47 

Shower of finely granular 









casts, red and white 









blood cells 


4/ 2 




2 

0 


Bed and white blood cells. 



no casts 

tYan SlyLe J Biol Chem 5S 523, 19231924 

diuresis and increased output of chlorides resulted following each injection There 
vas no evidence of toxicity except that the reducing substance increased in 
amount 

Four months later, the left kidney was removed under anesthesia and when 
examined microscopically did not show acute degeneration 

After a further rest of six weeks, fourteen doses of 0 3 cc were given at 
short intervals over a period of about one and one-half months Except following 
the last few doses, a definite diuresis and an increased chloride excretion occurred 
Signs of toxicity appeared toward the end of this experiment in the form of 
general malaise and increased albumin and casts in the urine 

During the next five months, the animal was allowed to rest and at the end 
of that time appeared well A single dose was now given which, although a 
marked diuresis and increased chloride excretion had occurred, proved lethal five 
days later At autopsy, extensive tubular degeneration with considerable evidence 
of regeneration was found 
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COMMENT 

Saxl and Heilig Nonnenbiuch/ Muhling® and others have shown 
that meibaphen pioduces a relative and absolute increase in the urine 
chlorides both in noiinal patients and in those with edema Keith and 
Whelan ® have confirmed these obseivations and have also found this to 
be tiue 111 the dog Ciawford and McIntosh expressed the belief that 
the inciease m chloiide output persists longer than the diuiesis In this 
study in dogs 1, 2, 3 and 6, we did not find a constant inci eased chlonde 
excietion m the mine following the injection of merbaphen In these 
animals, however, the chloride intake was not conti oiled In dog 7, m 
which a constant diet was maintained, the chlonde excretion following 
the injection of merbaphen was always inci eased Various writers have 
found diuresis to be inconstant m thejioimal subject In our experi- 
ments an inciease in urine output following the mjicction of merbaphen 
occuiied only when the fluid intake was limited or when no fluid was 
given Ciawford and McIntosh found that m human patients studied 
by them there was a definite lowering of the plasma chloiides at the 
end of four and one-half hours Other observers have not found 'such 
constant changes Keith and Whelan® repoited that the changes in 
concentration of the blood chlorides following injection of meibaphen 
aie vaiiable and never marked in degiee They found no change in the 
caibon dioxide combining power and no significant change in the non- 
pi otein nitiogen of the blood In this study, no constant changes were 
found in the blood chloiides when examined twenty-four hours after 
injection of the merbaphen 

The doses used pei kilogiam were compaiable to amounts used 
therapeutically in man, except in one instance This was m dog 7 , that 
was given 1 6 cc , which pi oved lethal This was 0 09 cc per kilogram 
and equivalent to 6 3 cc for a man weighing 70 Kg Except in one 
expel iment, the inteivals between doses were somewhat longer than 
those allowed as a lule when the drug was used as a diuietic In this 
one exception, the inteival was i educed to as short as one day over a 
peiiod of about five weeks 

6 Sa\l, P , and Heilig, R Ueber die dniretische Wirkung von Novasurol 
und anderen Quecksilber Injectionen, Wien khn Wcnschr 33 943, 1920 

7 Nonnenbruch, W Ueber die Wirkung des Novasurols auf Blut und 
Diurese, Munchen med Wchnschr 68 1282, 1921 

8 Muhling, A Studie ueber die diuretische Wirkungsweise von Queck- 
silber, ausgefurt nut dem organischen Quecksilberpraparat Novasurol, Munchen 
med Wchnschr 68 1447, 1921 

9 Keith and Whelan (footnote 5) Keith, N M , and Whelan, Mary The 
Effect of Novasurol on the Composition of Blood and Urine, Am J Physiol 
72 195, 1925 

10 Crawford, J H , and McIntosh, J Observations on the Use of Novasurol 
m Edema Due to Heart Failure, J Clin Investigation 1 333, 1925 
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Bloody dianhea and malaise were observed occasionally after the 
initial doses, but this was not seen subsequently unless the diug was 
given in large amounts or at short intervals Albumin was found after 
the larger doses, especially if repeated It was definitely increased in 
three instances, namely, in dog 6 after the last tin ee doses, each of which 
was 0 6 cc , in dog 7 after several doses of 0 3 cc repeated at short 
intervals, and again m dog 7 after the lethal dose of 1 6 cc In the last 
two instances, albumin was accompanied by casts When the animal 
was allowed to rest, signs of toxicity and lenal irritation quickly disap- 
peared A reducing substance was present in the urine of dog 7 follow- 
ing the later doses 

As evidenced by the phthalein excretion, blood urea or nonpiotem 
nitrogen, and the specific gravity of the urine, no chronic functional 
renal damage could be demonstrated even after the drug had been given 
over a period of five months 

Examination of the kidneys of those animals to which merbaphen 
had been given m repeated doses, and at intervals con esponding to what 
is recognized as correct therapeutically for man, showed slight paren- 
ch 3 matous change Such kidneys were examined from three to nine 
days after the final dose of the drug There was also found considerable 
exudate in the lumina In dog 7, when the kidney was not exam- 
ined for four months after the administration of merbaphen, no degen- 
erative change was present In dog 6 the light kidney was removed 
at autopsy following death due to inti apei itoneal hemorrhage The 
extensive degeneration found is considered to be due to the combined 
action of merbaphen, ether and postmortem change m an already 
damaged kidney 

Dog 7 died five days following a dose of 1 6 cc This amounted to 
only 0 09 cc per kilogram We found this amount to be the maximum 
single tolerated dose per kilogram m the normal rabbit At this time, 
however, dog 7 possessed only one kidney and six weeks previously had 
been given i epeated large doses of merbaphen These factors doubtless 
explain the small amount necessary to produce death in this animal It 
IS interesting to note that following this lethal dose marked diuresis and 
an increased output of urine chlorides occurred 

The right kidney of dog 7, removed immediately after death, showed 
extensive tubular damage There was almost complete necrosis of all 
the convoluted tubules and ascending limbs of Henle, with little change 
in the glomeruli Considerable evidence of regeneration was present 
but no calcium deposition The histologic picture seen in this kidney 
corresponds closely with that seen in the kidney of the rabbit dying from 
a single lethal dose of merbaphen 
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The early changes described in the othei kidneys aie also similai to 
those seen in the kidney of the labbit when small doses have been given 
Lazarus-Bailow obseived similai eaily degenerative changes in labbits 
killed three days after three doses of 0 2 cc of nierbaphen given at 
intervals of three days MacNidei ^ pointed out how leadily lenal epi- 
thelium, especially that which is already the seat of slight degeneiation, 
undergoes furthei change eaily after death The tissue used in this 
study was removed at operation or immediately after death and pieseived 
at once in 10 pei cent formaldehyde It is thus impiobable that auto- 
lytic change in the parenchyma bi ought about this slight degeneiation 
It IS known that ether will injure the tubulai epithelium of the kidney, 
and albumin and casts are commonly found in the mine for from one 
to three days following anesthesia MacNider^^ showed that in the 
normal dog after moi phine-ether anesthesia lasting from two and one- 
half to three hours the kidney paienchyma is noimal histologically In 
the natuially nephiopathic animal, however, under similar circumstances 
some paienchymatous degeneration is often found, especially if the dog 
IS fiist given uranium nitiate and then placed under the anesthetic 

It IS possible that meicurials m conjunction with ether might have 
a similai effect It is doubtful, however, whethei ethei given for four 
minutes could produce demonstiable degeneration m the kidney even 
when given m conjunction with merbaphen On the other hand, when 
nephrectomy was done ether was used as an anesthetic over a period of 
about one hour It is conceivable that m such instances degeneiative 
changes might have been made more extensive by ether That such a 
result, if piesent, must be slight is home out by the entire absence of 
degeneiation m the left kidney of dog 7 lemoved by nephrectomy 

It IS accordingly felt that the renal degeneiation present, together 
with the casts and exudate m the lumma, is direct evidence of the toxic 
effect of merbaphen on the tubular epithelium There is little doubt that 
such change is readily lepaiied in the noimal subject provided suitable 
rest peiiods aie given and the doses used are not too laige No evidence 
was found to prove that any chionic change resulted from the continued 
use of the diug The chronic changes described could not be attributed 
to merbaphen but weie piobably spontaneous MacNider ^ considered 
only those dogs nephropathic which piior to autopsy showed albumin 
intermittently oi constantly m the urine togethei with various types of 
casts and at autopsy showed unquestionable evidence of fairly diffuse 
lenal iiijuiy According to this standaid, none of the dogs used in this 
study could be consideied as definitely nephiopathic 

11 Lazarus-Barlow, P Tlie Effect of Intravenous and Intramuscular Inocu- 
lations of Novasurol m Rabbits, Lancet 1 127, 1928 

12 MacNider, W deB A Pathological and Physiological Study of the 
Naturally Nephropathic Kidney of the Dog, Rendered Acutely Nephropathic by 
Uranium or b> an Anesthetic, J M Research 34 199, 1916 
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SUMMARY 

Five dogs were given meibaphen in amounts corresponding to doses 
used theiapeutically in man at var)nng intervals for periods up to five 
months When the fluid and chloride intake were carefully controlled, 
and a sufficient period was allowed between doses of the drug, a diuresis 
and an increase in the urine chlorides always occurred during the twenty- 
foui houis following the injection of the drug On the other hand, 
when they were not controlled, both diuresis and increase m chloride 
output were inconstant There was no constant change in the blood 
chlorides The specific gravity and phthalem excretion remained nor- 
mal Albumin appeared iriegularly, particularly after large doses 
repeated at short intervals Casts also appeared after toxic doses 
When the kidneys were examined histologically, there was evidence of 
early degeneration fiom three to nine days after the final doses of the 
diug Some chronic change was present This could not be attributed 
to meibaphen and was considered spontaneous The kidney of one dog 
dying five days after a single lethal dose showed widespread tubular 
necrosis similar to that observed in the kidney of the rabbit and to that 
shown by various writers to be produced by toxic doses of other mercury 
compounds in common use 

CONCLUSIONS 

1 If the fluid intake is limited and the chloride intake is constant, 
diuiesis with mciease m the relative and total urine chloride always 
occurs following the injection of meibaphen There is no constant 
change in the blood chlorides 

2 Repeated doses of meihaphen corresponding in amount to doses 
used therapeutically in man given over a peiiod of five months produced 
no functional change in the kidney of the dog as evidenced by blood urea 
or nonpiotein nitiogen, specific gravity, or phthalem excretion 

3 The kidneys of animals given repeated doses showed evidence of 
slight degeneiation when examined histologically from three to nine days 
following the final dose This was more marked following the larger 
doses and disappeared if the diug was discontinued 

4 In toxic doses the action of meibaphen on the renal parenchyma 
of the dog IS similar to its action on the kidney of the rabbit and to the 
action of other mercury compounds in common use 
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Vaiions studies in connection with the physiology of the secietion of 
bile have clearly shown that bile is being secieted constantly The pas- 
sage of bile into the intestines, howevei, occuis at intervals , foi the liver, 
unlike every othei gland except the kidney, has in connection with it 
a reseivoii, the gallbladder, in which the bile accumulates and fiom 
which it IS only expelled peiiodically 

One must, therefoie, cleaily undei stand and distinguish the bile- 
secieting from the bile-expellmg mechanism Heietofoie, investigators 
attempting to study these two phases of secretion and expulsion have 
limited themselves to the i espouse obtained after oral admmistiation of 
diffeient foods and chemicals With the aid of the dye method, which 
visualizes the gallbladdei, one is able to demonstrate the late of filling 
and emptying of this reseivoir following the intake of vaiious foods 
and drugs It is difficult to tell, however, whether the flow of bile thus 
obtained is simply a result of the secietion fiom the liver alone or 
whether it is associated with the emptying of the gallbladdei , natuially, 
both factors may play a role 

Of the direct influence of neives either on the secretion of bile oi its 
expulsion, we have little definite knowledge It is tiue that the secretion 
of bile or its expulsion may be distinctly affected by the section and 
stimulation of nerves which control the blood supply to the stomach, 
intestines and spleen, for the quantity of blood passing thiough these 
organs and the rate of secretion aie diminished when the blood supply is 
gieatly lessened In this way, stimulation of the medulla oblongata, the 
spinal cord oi the splanchnic neives stops oi slows the secretion of the 
bile by constricting the abdominal vessels, and the same effect can be 
reflexly produced by the excitation of affeient nei ves 

Just what effect the instillation of various solutions high up in the 
lower bowel would have on the secretion and expulsion of bile was a 
question which presented itself duiing investigations in connection with 
another pioblem In every instance we noted that shoitly aftei the intro- 
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duction of difteient solutions high up into the lectum, a flow of bile was 
obtained fiom the duodenal tube This occurred within fifteen minutes 
aftei the rectal instillation and lasted fiom thirty to forty-five minutes 
The bile was always light yellow at the onset and occasionally became 
darkei as the diainage continued Our next object was to determine 
whether this flow of bile was actually initiated by the instillation of 
these various liquids, and if so, what was the source of the bile? Did 
It come from the gallbladder or fiom the hvei ? Was it a phenomenon 
of liver secretion or of contraction of the gallbladder or of both? 

A gioup of patients appaiently free from disease was selected for 
investigation Each patient was given a cleansing high enema at night, 
and after that the duodenal tube was passed The next morning the 
pioper position of the duodenal tube was ascertained, and aspiration 
was attempted to deteimine whethei there was a spontaneous flow of 
bile through the lube A large size lectal tube was then introduced as 
high up into the bowels as possible without causing the patient too much 
discomfort, usually about 12 inches (30 4 cm ) One hundied fifty cubic 
centimeters of one of various solutions was next injected through the 
tube The tube was then clamped at the end and left in place At short 
intervals theieafter, aspiiation of the duodenal tube was practiced, and 
the time of onset and cessation of the flow of bile was determined In 
some cases the flow of bile started without aspiration Chemical 
examinations of the blood and white blood cell counts and differential 
counts were made at varying intervals during the drainage of the bile 

The solutions employed foi the instillations were (1) physiologic 
solution of sodium chloride, (2) indigo carmine (40 cc , 4 per cent), 
(3) dextiose (100 Gm ) , (4) phenolphthalein (2 cc standard alkaline 
solution to 150 cc physiologic solution of sodium chloride) , (5) 
methylene blue (methylethionime chloiide, U S P ) (2 cc 5 per cent 
solution to 150 cc distilled water) , (6) peptonized milk (150 cc ) 

REPORT OF CASES 

Group 1 C^se 1 — A man, aged 53, was admitted to the hospital with a diag- 
nosis of chronic arthritis On the evening of Feb 12, 1928, the duodenal tube was 
passed, and a high cleansing enema was given On February 13, 150 cc of phenol- 
phthalein solution was injected through the rectal tube at 8 50 a m , and a flow 
of bile was noted at 9 a m , which continued until 9 45 a m A specimen of 
urine collected at 10 a m showed the presence of phenolphthalein The two hour 
urinarj excretion of phenolphthalein, following the rectal injection, was 11 per 
cent No kidney lesion was present On February 15, the procedure was repeated, 
but this time physiologic solution of sodium chloride was introduced at 9 10 
am At 9 21 a m a flow of bile was obtained, which continued until 9 45 a m 

Case 2 — A man, aged 27, was admitted to the hospital with a diagnosis of 
malnutrition On Feb 18, 1928, 150 cc of peptonized milk was instilled into the 
rectum at 9 12 a m At 9 19 a m , a flow of bile was obtained from the duodenal 
tube , It was extremely profuse and continued until 10 20 a m On February 22, 
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tins procedure was repeated and ISO cc of a solution of phenolphthalein w'as intro- 
duced through the rectal tube at 8 55 a m The flow of bile commenced at 
9 01 a m and continued until 9 35 a m At 10 15 a m a specimen of urine 
show^ed the presence of phenolphthalein The total amount of phenolphthalein 
recovered in the urine at the end of two hours w^as 18 per cent The subsequent 
functional tests of the kidney in this patient show^ed a normal excretion of 
phenolsulphonphthalein and failed to reveal any kidney insufficiency 

Cash 3 — F B , a man, aged 46, w'as admitted to the hospital for observation, 
but no pathologic condition was discovered 

On Feb 24, 1928, 150 cc of physiologic solution of sodium chloride was 
injected through the rectal tube at 9 05 a m A flow of bile w^as obtained from the 
duodenal tube at 9 12 a m , and it continued until 9 45 a m On February 26, this 
procedure w'as repeated, peptonized milk being used The milk w'as injected 
through the rectal tube at 9 12 a m, and a flow of bile was obtained at 
9 17 a m , this continued until 9 54 a m 

Case 4 — E M , a man, aged 21, who was convalescing from a lobar pneumonia, 
W'as admitted to the hospital for observation 

On March 6, 1928, 150 cc of physiologic solution of sodium chloride was instilled 
into the rectum at 9 15 a m At 9 18 a m , a flow of bile was obtained which 

W'as profuse and continued until 10 a m On March 8, at 8 45 a m , this proce- 

dure W'as repeated, 150 cc of an indigo carmine solution being used A flow of 
bile started at 8 53 a m and continued until 9 15 a m On March 9, w'e 
attempted to see what effect simple inflation of the bowel with air would have on 
the flow' of bile At 9 05 a m , the low'er bowel was distended to a moderate 
degree No bile was obtained from the duodenal tube in spite of repeated aspira- 
tions for a period of one hour 

Case 5 — J L , a man, aged 45, w'as admitted with a diagnosis of ulcer of the 
stomach 

On March 11, 1928, 150 cc of physiologic solution of sodium chloride w'as 
introduced into the rectum at 8 45 a m At 8 48 a m , a flow of bile began 

spontaneousl> from the duodenal tube and continued until 9 20 a m 

Case 6 — S G, a man, aged 37, was admitted to the hospital w'lth a diagnosis 
of gastric ulcer 

On March 12, 1928, the duodenal tube was passed at 9 p m On March 13, 
at 9 a m, 150 cc of peptonized milk was injected through the rectal tube At 
9 12 a m , bile began to flow and continued to flow until 10 a m 

The W'hite blood cell count and differential count and the results of chemical 
examination of the blood in this case are recorded in the accompanying table 

Case 7 — C P , a man, aged 22, was admitted to the hospital for observation, 
but no pathologic process w'as discovered 

On March 26, 1928, 150 cc of a solution of methylene blue was injected into 
the rectum at 9 05 a m At 9 17 a m , bile started to flow from the duodenal 
tube and continued until 9 55 a m Methylene blue made its appearance in the 
urine at 10 30 a m 

Case 8 — J F , a man, aged 67, w'as admitted to the hospital w'lth a diagnosis 
of mild diabetes 

On April 2, 1928, 150 Gm of dextrose w'as given per rectum at 9 20 a m 
At 9 27 a m , bile began to flow' from the duodenal tube and continued to do so 
until 10 15 a m The blood sugar determination made at 9 10 a m just before 
the instillation, showed 180 mg , at 10 10 a m , it was 192 mg , at 12 IS n m 
200 mg ’ 
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Thus It IS noted from this gioup of cases that flow of bile was 
stimulated by simple instillation of various fluids into the rectum 

The lesults obtained m all of the cases are lecoided in the accom- 
panying table 

Aftei these expeiiments weie completed, a second group of 
appaiently normal peisons was selected for study in older to establish 
whethei the flow of bile came fiom the liver oi fiom the gallbladder and 

A Revieiv of Eight Cases in Gioup 1, Showing the Effect of Rectal 
Injections on the Flow of Bile 


Case Cite 

1 2/13/2S 

2/lo/2S 

2 2/18/23 
2/22/2S 

3 2/24/28 

2/20/28 

4 3/ 6/28 

3/ 8/28 
3/ 9/2S 


Solution Used tor 



Time of 
Appearance of 
Bile from Duo 

Time of 
Cessa 
tion of 


Rectal Injection 

Time 

deml Tube 

Bile Plow 

Remarks 

150 cc plienolplithalein 

8 50 a 

m 

9 00 a m 

9 40 a m 

At 10 a m phenol 
phthalcm was de 
tected in urine 

150 cc phjsiologic so 

9 10 a 

m 

9 21 a m 

9 45 a m 


lution of sodium 
chloride 

150 cc peptonized milk 

9 12 a 

m 

9 19 a m 

10 20 a m 


150 cc phenolphthalein 

8 55 a 

m 

9 01 a m 

9 35 a m 

At 10 15 a m phenol 
phthalein was de 
teeted in urine 

150 cc phjsiologic so 

9 05 a 

m 

9 12 a m 

9 45 a m 


lution of sodium 
chlonde 

150 cc peptonized milk 

9 12 a 

m 

9 17 a m 

9 54 a m 


150 cc physiologic so 
lution of sodium 

9 15 a 

m 

9 18 a m 

10 00 a m 


chloride 

150 ce indigo carmine 

8 45 a 

m 

8 53 a m 

9 15 a m 

At 10 am mdigo 
carmine appeared 
m urine 

Inflation of nir nto 
loner bowel 

9 05 a 

m 

None appeared 
as late as 1 hr 
thereafter 



5 

3/11/28 

150 CC physiologic so- 
lution of sodium 
chlonde 

8 45 a 

m 

8 48 a m 

9 20 a m 



G 

3/13/23 

150 CC peptonized milk 

9 00 a 

m 

9 12 a m 

10 00 a m 



7 

3/26/28 

150 CC methylene blue 

9 05 a 

m 

9 17 a m 

9 35 a m 

At 10 30 a m meth 
ylene blue made 
its appearance in 
urine 

8 

4/ 2/28 

150 Gm dextrose 

9 20 a 

m 

9 27 a m 

10 15 a m 

Blood sugar 

deter 


mimtion 
9 10 a m , 180 mg 
10 10 a m , 162 mg 
12 15 p m , 200 mg 


whethei the mechanism was one of secretion or expulsion To do this 
we employed the dye method of visualization of the gallbladder The 
sodium salt of tetraiodophenolphthalein was given to the patient in 
capsule form at the time of passing the duodenal tube (i e , the night 
before) , and x-ray plates were made the next day at twelve and sixteen 
hour intervals aftei ingestion of the dye Directly after the sixteen hour 
plates were taken, one of the various aforementioned solutions was 
instilled into the lectum and the time of flow of bile and its duration were 
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lecouled One houi aftei the rectal instillation, when the flow of bile 
had aheady ceased (which was seventeen hours after the administration 
of the dye capsules), anothei plate of the gallbladdei was taken, and 
this was repeated at the eighteenth houi At the nineteentli hour the 
usual fatty meal was given, and at the twentieth and thnty-sixth hours, 
plates were again made of the legion of the gallbladdei 

Group 2 Casf 1 — F X, a man, aged 65, was admitted to the hospital for 
observation of the condition of the gallbladder 

On the evening of March 13, 1928, the patient was given a cleansing enema, 
and then tetraiodophenolphthalein in capsules was administered by the oral method 
The duodenal tube was passed The following morning, at the end of the twelve 
hour period, x-iay plates revealed the gallbladder fairly well filled out with the 
dye At the sixteenth hour the x-ray picture showed the shadow to be practically 
of the same size but markedly increased in intensity 

The patient was then given 150 cc of physiologic solution of sodium chloride 
per rectum, and within ten minutes a flow of bile was obtained from the duodenal 
tube This steady drainage continued for thirty-five minutes At the seventeenth, 
eighteenth and nineteenth hour periods, which corresponded to ten minutes and 
two hours after the rectal injection of the physiologic solution of sodium chloride, 
with its subsequent drainage of bile, the x-ray picture showed no reduction in the 
size of the gallbladder, but some intensification of the shadow The duodenal 
tube was then removed, and the patient was given a fatty meal Roentgen exami- 
nation one hour after this food intake showed the gallbladder had emptied of the 
dye (fig) 

Case 2 — P D , a man, aged 66, was admitted to the hospital on account of 
varicose veins of the lower part of the left leg 

On the evening of March 23, 1928, the patient received the usual preparations, 
as 111 case 1 Twelve hours after the intake of the dye, no distinct shadow was 
visible At the sixteenth hour, the shadow of the gallbladder could be fairly well 
outlined and appeared to be regular The patient was then given a rectal injection 
of 150 cc of peptoni/ed milk, with the same result as regards the flow of bile 
from the duodenal tube as had been obtained in the previous cases 

Roentgen examinations were made one and two hours after the rectal injection 
There was a marked concentration of the dye in the gallbladder, but no evidence 
of emptying The patient was then given a meal and reexamined one hour later 
The gallbladder was found markedly reduced in size At the thirty-sixth hour, the 
shadow had entirely disappeared Subsequent examination revealed no evidence 
of pathologic changes in the gallbladder 

Case 3 — W K , a boy, aged 15, was admitted to the hospital with a diagnosis 
of chronic nephritis 

On April 1, 1928, the procedure mentioned in the preceding two cases was 
repeated X-ray plates of the gallbladder taken after the injection of the pepto- 
nized milk into the rectum showed no emptying of the gallbladder in spite of the 
fact that bile was obtained through the duodenal tube 

Case 4 — L C , a man, aged 28, was admitted to the hospital for observation 
On April 4, 1928, at the twelve hour period after the intake of the dye capsules, 
the gallbladdei was not visible At the sixteen-hour period, the shadow of the 
gallbladder was present One hour after the injection of 150 cc of peptonized 
milk into the rectum the shadow of the gallbladder had not decreased in size 




Fig 1 — A, a roentgenogram, showing the dye method of visualization of the gallblad er, 
twelve hours after the administration of tetraiodophenolphthalem by capsules B shows the ex 
the shadow sixteen hours after the administration of capsules of tetraiodophenolphthalem, C, t 
of the shadow ten minutes after the administration of a physiologic solution of sodium ^ . 

rectum , D, the extent of the shadow eighteen hours after the administration of capsules ot e ^ 
phenolphthalem, and one hour after injection of a physiologic solution of sodium chloride 
the extent of the shadow nineteen hours after the administration of the capsules and two hou 
injection of a physiologic solution of sodium chloride by rectum, and F, the extent of the sha o\ 
hours after the administration of capsules and one hour after eating 
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but had become more intensified At the two hour period after the injection, the 
shadow did not show up well because the patient breathed 

Cask S E W , a man, aged 24, was admitted to the hospital for observation 

but no pathologic process was found 

On April 15, 1928, twelve hours after the dye had been taken by mouth, a 
definite shadow of the gallbladder was seen Sixteen hours later, the shadow of 
the gallbladder was slightly contracted One hour later, 150 cc of physiologic 
solution of sodium chloride was injected into the rectum, and shortly thereafter 
a flow of bile was obtained from the duodenal tube 

At the eighteenth hour, or one hour after injection of fluid into the rectum, the 
shadow of the gallbladder was more intensified and slightly larger in size At the 
nineteenth hour, or two hours after the injection of physiologic solution of sodium 
chloride, the shadow of the gallbladder was still intense and remained about the 
same size The patient was then given the fatty meal by mouth, and one hour 
after eating, which corresponded to the twenty-hour period after the intake of the 
dye capsules, the gallbladder appeared contracted and half the size Thirty-six 
hours after the patient had taken the capsules no shadow of the gallbladder could 
be made out * 

COMMENT 

In foimei yeais, iiiigatioii of the colon was an established treatment 
foi various types of jaundice This paper offers the fiist proved experi- 
mental demonstration of the possible efficacy of this foim of therapy 
In each of eight cases it was uiiifoimly noted that within a period 
vaiying fiom thiee to twelve minutes after the instillation of various 
solutions high into the rectum, a flow of bile was obtained fiom the duo- 
denal tube This flow would continue for a period varying from eighteen 
to even as long as sixt)^-one minutes without any interruption In three of 
the patients the lectal instillations weie repeated once and in one of them 
twice The solutions employed for instillation weie, physiologic solution 
of sodium chloiide, indigo carmine, peptonized milk, methylene blue, 
dextiose and phenolphthalem This variety certainly precludes the pos- 
sibility of any specificity in the response on the pait of the livei In one 
instance, case 4 (gioup 1) an was used to inflate the lower bowel, but 
no flow of bile was obtained as a result of this procedure, although the 
1 espouse had been obtained twice before in this patient aftei the use of 
physiologic solution of sodium chloride and a solution of indigo carmine 
This fact would speak against a mechanical or nervous stimulation result- 
ing fiom the meie filling of the rectum as being a cause for the secre- 
tion of bile In the cases in which indigo carmine, methylene blue and 
phenolphthalem weie employed, it was pioved that these solutions weie 
actually absoibed fiom the lower bowel, as they were detected in the 
111 me at vaiying mteivals after the lectal instillations Similarly, in 
case 8 (group 1) a diabetic patient on whom dextrose solution was 

1 Only the x-ray plates in connection with case 1 are reproduced The x-ray 
pictures in association with the other cases are just as striking, but were not 
published on account of lack of space 



462 


4RCHIVES OF INTERNAL MEDICINE 


emplo}ed, the blood svigar determinations showed a piogressive rise at 
the one and thiee hour periods 

These facts thus reveal that the introduction of various solutions 
into the lower bowel causes a definite flow of bile into the intestines The 
mechanism whereb} this is brought about is either a direct stimulation of 
the cells of the liver from the absorption of the instilled fluids into the 
portal system or a reflex nervous phenomenon The former is the more 
probable explanation 

Further study will be undertaken to prove this point by the use of 
agents which are known to have a direct stimulating effect on the livei 
cells and b} noting the quantity of bile obtained in comparison with the 
agents which are not especially cholagogue in action This method of 
bile drainage maj prove of therapeutic importance in those cases in 
which bile drainage by means of Lyon s method is impossible or inadvis- 
able 

Another gioup of cases iias studied for the purpose of determining 
whether such flow of bile was the result of stimulation of the bile- 
secreting or bile-expellmg organs Conclusn e proof is offered by means 
of the x-ray picture (fig) Twelve houis aftei the ingestion of the 
tetraiodophenolphthalem, a fairl) large and distinct shadow of the gall- 
bladder is present At the si\teen-hour period the shadow is slightly 
larger and more intense At the seventeenth hour, the physiologic solu- 
tion of sodium chloride is introduced rectally, and ten minutes later, 
when the bile commences to flow, another plate taken shows the gall- 
bladder about the same size as that pieiiously noted but slightly more 
intense The physiologic solution of sodium chlonde is given at approxi- 
mately the time when the usual fatty meal is employed to stimulate the 
contractions of the gallbladder After a profuse flow of bile is obtained, 
other plates, taken at the eighteenth hour or one hour after the introduc- 
tion of the physiologic solution of sodium chloride per rectum, and at 
the nineteenth hour, or two hours following the lectal instillations, 
reveal the gallbladder to be practicall) the same size as at the sixteenth 
hour and the shadow slightly moie intensified On the other hand, the 
usual fatt} meal then administered brings about contraction of the gall- 
bladder so that at the twentieth hour the shadow of the gallbladder is 
practically absent 

COKCLUSION 

The introduction of various solutions into the upper rectum produces 
a drainage of the bile into the duodenum This flow comes directly 
from the liver mthout contraction of the gallbladder 
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Muscli: Function By Wilhelmine G Wright Cloth Price, $3 50 
Pp 188, with 26 illustrations New York Paul B Hoeber 

Wright’s “Muscle Function” fills a space long left vacant in orthopedic litera- 
ture , that of a practical discourse on the function of muscles presented in a readily 
available form as an aid to the surgeon and the physical therapist Here is a 
work at once practical and exact, grown out of the constant observation of a 
skilled physiotherapist at one of the best infantile paralysis climes in the country 
At this clinic the author was guided in her work by the late Dr Robert W 
Lovett, to whom the treatise is respectfully dedicated The foreword is by I Play- 
fair McMurrich, who points out that the method utilized in determining the exact 
function of the individual muscles and groups is superior to the anatomic and 
electrical methods, since, as Miss Wright emphasizes, it tells us not “what a 
muscle may do but what a muscle does do” Miss Wright has applied the 
physiologic method to patients whose paralyses make the confusing group and 
influences of antagonistic action less of a problem By the elimination of super- 
ficial muscles the interpretation of the action of the deep-seated ones is made less 
difficult 

The work is divided into seven chapters (1) general principles of muscle action, 
(2 to 6) movements of the limbs, head, neck, spine and respiration, and (7) a 
list of muscles giving the action in which each takes part The illustrations are 
chiefly diagrammatic with a few taken from instructive cases seen at Dr Lovett’s 
clinic They are too few in number but are well chosen in general The final 
chapter makes an excellent reference for those who require an accurate and practical 
knowledge of the action of individual muscles and groups Miss Wright’s efforts 
are well worth while and should find a grateful group of enthusiasts 

Tumores primitivos de la pleura By Jose W Tobias Buenos Aires 
Libreria El Ateneo, 1928 

This IS a scholarly monograph of 479 pages on primary tumors of the pleura 
Most of it IS taken up with a discussion of the so-called endotheliomas of the 
pleura The term includes perhaps many tumors which have their origin in the 
underlying epithelial tissue of the lung, but the terminology is so confusing that 
It IS just as well to group tliese tumors under one head as the clinical syndrome 
IS rather clearcut 

The author has made intensive pathologic studies on several such cases, and 
it seems hkelj that they really are endotheliomas These aie reported in detail 
and are lavishlj’^ illustrated with both gross and microscopic preparations, many 
in color 

Every feature of the disease is clearly outlined, and the literature on the 
subject IS reviewed thoroughly Illustrative cases are often given The difficulty 
in diagnosis is emphasized, and several chapters are devoted to the signs, symptoms 
and diagnosis It is unfortunate that the roentgenologic evidences are not more 
carefullj analyzed The prognosis is of course hopeless and the treatment purely 
symptomatic 

The remainder of the work is devoted to a less detailed discussion of the rarer 
sarcoma, the benign growths, granulomas and cysts 

The Treatment or Varicose Veins by Intravenous Injections By 
T P L kIcLATCHiE Price, $1 60 New York The Macmillan Company 
1929 ’ 

This is a small monograph of fifty pages It consists mainly of detailed descrip- 
tions of the preparation of the solutions used for injections and of the technic of 
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injections Sodium salicylate is recommended most highly and quinine is the next 
choice m cases in which the pain from the former is too great Emphasis is placed 
on the fact that any obliterative or coagulant solution spilled m the tissues is liable 
to cause extensive sloughing 

While the work has value as a technical handbook, it does not even begin to 
answer the important question as to whether treatment by injection is the method 
of choice The author assumes that it is, and states that there never has been 
an embolus from the injection of quinine, a statement which is open to grave 
doubt The whole matter of emboli, sloughing, whether real cures are brought 
about and whether either the morbidity or the mortality is less than in open opera- 
tion cannot be considered as settled until a detailed analysis of parallel series of 
cases IS published showing the true facts of the case Such a work is far more 
needed than the present publication 

An Index of Symptomatology Edited by H Letheby Tidy Price, $12 
Pp 710 New York William Wood & Company, 1929 

The book is intended to provide an account of the symptomatology of diseases 
A clear and reasonably full description of the clinical manifestations of each 
disease is included, as are the usual and most important complications No method 
of treatment is given The contributors are all English and are men of wide 
reputation Each description is signed The fields of medicine, surgery, gynecology 
and various special subjects have been well covered This book should be of 
great value to any one looking for a concise description of diseases and not caring 
to enter the fields of physiology or pathology as applied to them It is well 
edited, and the purpose for which the book was written is amply fulfilled 

Modern Medicine Its Theory and Practice m Original Contributions by 
American and Foreign Authors Edited by Sir William Osier, Bart, MD, 
F R S Third edition, thoroughly revised, reedited by Thomas McCrae, M D , 
assisted by Elmer H Funk, M D General Index Price, $1 Philadelphia 
Lea & Febiger, 1928 

This IS a volume of 126 pages containing a complete index of Osier and 
McCrae’s “Modern Medicine ” The index is exhaustive and accurate Bound 
separatel}’' in a handy volume it serves an excellent purpose as to convenience 
Through it, all the subject matter of the six bulkj'^ volumes of this great work is 
made readilv available 
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EDEMA IN CONGESTIVE HEART FAILURE 

ErrECTIVENESS or DIURETICS AS A GUIDE TO PROGNOSIS 
WILLIAM GOLDRING, IM D 

NEW YORK 

Dunng the past fifteen }eais many investigatoi s have concerned 
themselves with the pioblem of edema Physical, chemical and othei 
factois have insufficiently explained the ultimate cause of the letention of 
abnoimal amounts of fluid in the mteistitial tissues and seious cavities 
of the body The final solution of the pioblem rests on furthei knowl- 
edge of factois not yet sufficiently understood, such as capillaiy pei- 
raeahihty, abnoimal distribution of sodium chloride and colloids, and 
othei factois possibly of lessei impoitance, such as changes in H-ion 
concenti ation and hoimones The vast hteratuie on the subject of 
edema includes many factois which may play a pait, but the pathogenesis 
of this condition can be fully understood only when further correlation 
between them is established ^ 

In spite of this lack of specific knowledge, definite advance has been 
made m recent jeais in regard to methods of treatment This has 
frequently been arrived at empiiically, and neither the natuie of the 
action of some diuretics nor the type of edema in which they aie most 
useful has been determined This papei is concerned with a stud)>' of 
certain diuretic substances which have achieved prominence, and paitic- 
ularly with then ability to lemove fluid m cases of congestive heait 
failure, when rest and full digitalis medication have proved ineffective 
Many diugs have been used as diuretic substances when caidiac edema 
persisted in spite of full digitalization On reviewing the hteiatuie, 
howevei, one gains the impression that those found to be most useful 
aie uiea, synthetic theophylline and preparations of mercury m combi- 
nation with the acid-foimmg salts, ammonium chloiide and ammonium 
nitrate 


Submitted for publication, April 20, 1929 

’'From the Third ]\Iedical Division of Belle\ue Hospital (New York 
Unn ersit}^ 

1 Loeb, L Edema, Baltimore, Williams Wilkins Companj , 1923 
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Uiea was first introduced as a diuretic by Fiiedrich,- in 1892, and 
was then used by Feilchenfeld,^ in 1918, and Stiauss,^ in 1921, all of 
whom lepoited favorable results Crawford and McIntosh ° studied 
uiea as a diuretic in edema due to heait failure They studied eight 
patients, seven of whom showed clinical improvement with marked 
diuresis They stated their belief that uiea was rapidly absoibed, quickly 
raising the blood urea, and being a nonthreshold substance, was rapidly 
excreted, carrying water to the kidney The beginning effect of urea 
was seen fioni forty-eight to seventy-two hours after administration of 
the diug Keith and Whelan’s ® objection to urea was that as a salt it 
carried only water to the kidney, leaving the letained sodium chloiide 
behind in the tissues, and for this leason was a less efficient diuretic than 
those which remove both water and letained sodium chloiide 

Calcium gained some prominence as a diuretic m 1918, as a result of 
studies made by Schultz ‘ in edema due to war nephiitis Many theoiies 
have been advanced to explain its action However, the fact that the 
chloiide of calcium is said to be more effective than the lactate, suggests 
that the active agent in the prepaiation may be the anion, in which 
respect the salt of calcium acts as any other acid-forming salt Bowler 
and Walters,® in some expeiimental work with calcium, showed that in 
lethal doses it pi oduced no anatomic or pathologic change in the kidneys 
of animals Rockwood and Barrier ® used calcium clinically in treat- 
ment for edema They agreed with Schultz that it was of value in 
edema due to nephiitis, nephrosis, cirrhosis of the liver and pleural 
effusion, but was of no value in edema associated with heart failure 

Of the xanthine diuretics, synthetic theophylline has proved of value 
Theophylline has long been consideied to act diiectly on the epithelium 

2 Friedrich, W (Ueber die harntreibende Eigenshaft des Uream) As 
ureum hugyhajto tulajdonsargarol Kozleminy u budapeste Magy kir tud 
Egyetem gyogyozertani intezelebal, Magy orv Arch 1 400, 1892 

3 Feilchenfeld, J Ueber Harnstoff als Diureticum, Therap d Gegenw 
59 273, 1918 

4 Strauss, H Ueber Harnstoff als Diureticum, Berl klin Wchnschr 58 
375, 1921 

5 Crawford, J H , and McIntosh, J F The Use of Urea as a Diuretic in 
Advanced Heart Failure, Arch Int Med 36 530 (Oct) 1925 

6 Keith, N , and Whelan, M A Study of the Action of Ammonium 
Chlorid and Organic Mercury Compounds, J CIm Investigation 3 149 (Oct ) 
1926 

7 Schultz, E Khmsche Beobachtungen uber Nierenentzundung bei Krieg- 
steilnehmern, Ztschr f klin Med 86 111, 1918 

8 Bowler, J , and Walters, W The Effect of the Intravenous Injection of 
Calcium Chloride on the Kidney, J A M A 83 1232 (Oct 18) 1924 

9 Rockwood, R, and Barrier, C W Calcium Treatment for Edema, Arch 
Int Med 33 643 (May) 1924 
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of the kidneys Investigations by Fleisher and Loeb/® however, seemed 
to indicate that the action of the caffeine diuretics was not directly on 
the epithelium of the kidney but on the blood itself, calling forth some 
condition which staited a movement of sodium chloride from the blood 
to the tissues Cushny expi essed the opinion that the xanthines acted 
directly on the epithelium of the kidneys, causing increased filtration 
through the glomerular capsule and probably lessened reabsoiption in 
the tubules Cessation of diuresis after prolonged administration of the 
diug, he consideied to be due to a further effect on the glomerular 
epithelium causing a diminution in its permeability In its practical 
application, theophylline has proved to be a satisfactory diuretic 

Most recent investigatoi s expressed the belief that the most effec- 
tive agent at this time for relief fiom caidiac edema was compounds of 
mercury in combination with the acid-forming salts, ammonium chloride 
and ammonium nitiate Meibaphen is a double salt of sodiumoxymer- 
cui lochlorphenoxy acetate with diethyl barbituric acid It was intro- 
duced, in 1920, by Saxl and Heilig Its diuretic property was noted 
incident to its use as an antisyphilitic in decompensated S3’'philitic disease 
of the heart Merbaphen itself contains 33 9 per cent of meicury in a 
complex nonionizable combination As a diuretic, however, it is 
employed in a 10 per cent solution 

Most of the eailiei investigations were made in Germany,^® with the 
exception of those by Neuhof of New York who reported favorable 
results, m 1924, m a series of eight patients 

In those patients in whom meibaphen is effective, the diuresis begins 
from thiee to four houis after the injection and continues to a lesser 
degiee duiing the following twenty-four hours The point of action of 
meibaphen has not yet been definitely determined 

10 Fleisher, M S , and Loeb, L The Influence of Caffeine on Absorption 
from the Peritoneal Cavity and the Influence of Diuresis on Edema, J Exper 
Med 12 510, 1910 

11 Cushny, A R The Secretion of Unne, New York, Longmans, Green & 
Company, 1926 

12 Marvin, H M The Value of the Xanthine Diuretics in Congestive Heart 
Failure, J A M A 87 2043 (Dec 18) 1926 

13 Keith and Whelan (footnote 6) Crawford, J H, and McIntosh, J F 
Observations on the Use of Noiasurol in Edema Due to Heart Failure, J Clin 
Investigation 1 333, 1925 Oerting, H Minnesota Med 8 593 (Sept 8) 1925 
White, A E R , and Zachann, David M J Australia 1 273 (Feb 19) 1927 

14 Saxl, P , and Heihg, R Ueber die diuretische Wirkung von Novasurol 
und anderen Quecksilberinjecktionem, Wien klin Wchnschr 33 943, 1920 

15 Biedermann, J Gyog^aszat, no 6, 1921 Eppmger, H Therap d 
Gegenw , March, 1921 

16 Neuhof, S Therap Gaz , Jan 15, 1924 

17 Keith and Whelan (footnote 6) Biedermann (footnote 15, first reference) 
Eppmger (footnote 15, second reference) 
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Jacobs and Keith showed what they termed remarkable diuresis in 
three patients with heait failme and edema, m whom only the acid- 
formmg salts weie used They assumed that the action was due to the 
anion, probabh b}' changing the H-ion concentiation of the tissues and 
the tissue fluids This acidosis diuiesis was pieviously noted by 
Haldane 

Keith, Baiiiei and Whelan-® had shown sti iking results with the 
combination of ammonium chloride and merbaphen They repeated the 
study® and confiimed the pievious good results with the combination 
In those patients who reacted to the combination of diuretics the follow- 
ing facts weie noteworthy a shift of the acid base equihbiium to the 
acid side, and a fall in the plasma chloride to below the normal threshold 
of about 336 mg pei hundred cubic centimeteis during the height of the 
diuresis, with a slow use to normal when the diuresis had ceased This 
fall m plasma chloiide had pieviously been noted by Crawford and 
McIntosh The action of merbaphen and ammonium chloride in com- 
bination as an eflfective diuretic would seem to be the ability of 
merbaphen to mobilize and cause the excietion of sodium chloiide in a 
slightly acid medium ® 

METHODS OF TREATMENT 

During the past two and one-half yeais m this clinic diuietics have 
been administered to foity-six patients with heart failure and persistent 
edema, on eight 3 '--five difterent occasions A definite routine was fol- 
lowed m studying each case The patients weie put to bed and, unless 
there were some special indications, digitalis was withheld until the 
weight was stationaiy for about five days or until it was evident that 
rest alone would not cause fuithei loss of weight fiom lelief from 
edema Digitalis was then given in a routine manner to the point of 
mild toxicity, after a rest of twenty-four or foity-eight horns when all 
signs of toxicity had disappeaied, it rvas resumed in maintenance dosage 
The intake of fluid was limited to about 1,200 cc in twenty-four hours 
and the diet was deficient m salt The patient was weighed eveiy moin- 
ing and his daily uiinaiy output was regularly measured When it was 
apparent that theie could be no fuithei loss of weight from digitalis, 
which was usually from seven to ten days aftei complete digitalization, a 
diuretic rvas administered Digitalis in maintenance dosage was con- 
tinued throughout the period of administration of the diuretic 

18 Jacobs, N and Keith, N The Use of Diuretics m Cardiac Edema, 
M Chn North America 10 605 (Nov ) 1926 

19 Haldane, J B S Experiments on the Regulation of the Blood’s 
Alkalmit}, J Phvsiol 55 265 (Aug) 1921 

20 Keith, N M , Barrier, C W , and Whelan, M The Diuretic Action of 
Ammonium Chlorid and Novasurol in Cases of Nephritis with Edema, J A. M ^ 
85 799 (Sept 12) 1925 

21 Cravford and McIntosh (footnote 13, second reference) 
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Uico Uiea was admimstcied to foui patients in doses of fiom 30 

to 60 Gm a day Special piecaiitions weie taken to give the ding well 
diluted and immediately aftei meals, in single and divided doses, but with 
no fieedom fiom the gastiic nutation In each instance it induced 
\omitmg and had to be discontinued befoie its diuietic effect could be 
detei mined Craw fold and j\IcIntosh/‘ how^evei, lepoited favoiable 
lesults in seven of eight patients whom they studied 

Calcium — Calcium chloiidc and calcium lactate gncn in doses of 
fiom 60 to 180 giains (3 9 to 11 7 Gm ) daih. both by mouth and intia- 
venoush , pi or ed ineflfectivc in sik patients of the pi esent sei les of patients 
with caidiac edema although the remaikable clTcct of this diug w'ns 
noted in some cases of nephntic edema 



Chart 1 — Effect of diuretics on a white nnii <ic;ed 45^, with rlicninatic disease 
of the heart No loss of weight was noted after digilah/ ition, and complete 
relief from edema was obtained The patient icmaincd fiee fiom edema for 
fire months (Complete chart is not shorrn ) 

Acid-Foi ming Salts — Follorrmg the rroik of Jacobs and Keith 
the acid-forming salt, ammonium chloiidc rvas administeied to eight 
patients In each case it failed to pioducc a dnuetic cflcct It rvas used 
in doses up to 120 giams (7 8 Gm ) dailr Chail 3 shorvs one case in 
rvhich doses of 60 giains (3 9 Gm ) dai!) orci a pciiod of fifteen davs 
did not induce diiuesis Keith and Whelan " lepoitcd definite diuicsis m 
thice patients rvith nephntic edema and the ascites of poital ciiihosis, 
to rvhom ammonium chloiide rvas given Gamble, Blackfan and 
Hamilton-- lepoited the thcoietical value of the acid-foimmg salts in 
edema, but they used only one case of nephntic edema and two patients 

22 Gamble, J L , Blackfan, K D , and Hamilton, B A Stiidv of llie 
Diuretic Action of Acid Piodiicmg Salts, J Clin Investigation 1 v3')9 (Apiil 20) 
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without edema Since the present stud}- was made on edema associated 
with cardiac failuie, this may explain the difference m the results 

Occasionally a patient is encounteied m whom ammonium chloride 
induces nausea and less frequently vomiting In no instance was it 
necessary to discontinue the diug because of its gastiic effect This was 
overcome in one patient by giving the ammonium chloride by rectum In 
other patients the ammonium chloiide was given well diluted and imme- 
diately after meals with the prompt disappearance of gastiic symptoms 
In others it was necessary to use fiom four to twelve capsules to make 
up the desiied daily dose Instances of acidosis have been noted after 



Chart 2 — Effect of diuretics on a white woman, aged 38, with active rheumatic 
disease of the heart Marked diuresis was noted only after the addition of 
ammonium chloride (The complete chart indicating digitalization is not shown ) 
Immediate clinical improvement was marked, but the patient died of progressive 
heart failure five months later 
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Chart 3 — Further data on the same patient as in chart 2 Note the ineffec- 
tiveness of ammonium chloride when given alone, and the rapid loss of weight 
when merbaphen is added (Control and digitalis observations are omitted) 

prolonged administration of the drug This was not obserA'^ed clinically 
by me, although the dosage given was considered adequate 

Mo haphen — Merbaphen was administered alone to sixteen patients, 
with relief from edema in only five The dose given was 1 cc intra- 
muscularly every fourth day , when this dosage was ineffective the drug 
was given every othei day No case in Avhich a result was not obtained 
on the lower dosage was affected by increasing the frequency of the 
injection If no diuresis was noted after the third or fourth injection, 
merbaphen was considered ineffective and was discontinued As has 
been noted,-® when diuiesis occuried it usually began three or four hours 

23 Keith and Whelan (footnote 6) Biedermann (footnote 15, first refer- 
ence) Eppmger (footnote IS, second reference) 
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attei the injection and continued for the next twenty-foui houis Occa- 
sionally, theie was some peisistence of the diinesis in the following 
tw'enty-foui houis In thiit}-one instances in wdiich it w^as given, eithei 
alone oi in combination w'lth ammonium chloiide, a bloody stool was 
noted in only one, and this aftci two inti amusculai injections of 1 cc 
foul da}s apait In foui othci mslances soieness of the gums called foi 
cessation of the tieatment In two patients the diiig w^as impiopeih 
administeied by the muse w'ho ga\e it subcutancouslv lathei than intia- 
muscnlaih This faulty technic resulted m a local slough in both cases 



Chart 4 — Effect of diuretics on a nhitc ni.in, need 37, with actno rheum ilic 
disease of tlie heart (The complete chart is not sliowm ) Ohscr\e tlic stimulat- 
ing effect of sodium chloride on duiiesis Ihe excretion of urine and chloride 
was determined daily, it is drawn to a scinilogarithmic scale The weight was 
used as the guide to the effect 

Meibaphen and Ammonium Chloi uic Combined — In fifteen instances 
in which ammonium chloiide alone oi meiliaphen alone w'as inefTeclive, 
the combination of both produced quick and diamatic efXect in fouitcen 
patients oi about 93 per cent The effectiveness of this combination is 
clearly showm m charts 1, 2, 3 and 5 In the patients in the lattei Ihiee 
chaits, the single medication was appaiently insufficicnl to initiate 
diuiesis 
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Theophylline — Synthetic theophylline was administered tlui ty-two 
difteient times It was effective in entirely removing the edematous 
fluid in twenty instances oi 62 5 pei cent It was given in doses of fi om 
9 to 30 giains (0 58 to 1 95 Gm ) daily in capsule The dosage was 
increased only when the smallei amount was ineffective When the 
uiinary output diminished, the theophylline was discontinued for about 
thiee days on the assumption that it was producing a direct inhibitory 
effect on the glomerular capsule In a few patients theophylline 
induced nausea and occasionally vomiting, even with smaller doses In 
these patients it was discontinued and some other diuretic was used 
This toxic effect, howevei, was not found to be the rule when the 
theophylline was given with meals and well diluted 



Chart 5 — Effect of diuretics on a youth, aged 19, with active rheumatic disease 
of the heart The urinary and chloride output is charted on a semiloganthmic 
scale Note the apparent ineffectiveness of merbaphen when given alone and 
the need for persistence in the treatment for edema 

Diwetin — Aftei using diuietm in doses of fiom 30 to 45 grains 
(1 95 to 2 92 Gm ) daily with no effect in four patients, it was discon- 
tinued because of the availability of moie effective diuietics This 
inadequate activity of diuietin as a diuretic had been noted by otheis”'* 

COMMENT 

Because of the high percentage of effectiveness with meibaphen and 
ammonium chloride, in combination, it would seem that this is the 

24 Marvin (footnote 12) Taylor, Lester Clinical Studies in Caffeine, Arch 
Int Med 14 769 (Dec ) 1914 
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dunetic of choice in the tieatment foi edema associated with heait fail- 
ure It should be used with caution A\heie theie is an associated 
nephiitis, hvpei tension, exudate oi heinoiihage in the letinas and even 
in the case of eldeil} peisons, slaiting nith injections of 0 5 cc at as 
gieat an inteival as possible (one ncek at least) and watching caiclully 
foi the fiist signs ol toxiciti 

Relief fioin caidiac edema m ceitain patients is moie oi less simple, 
requiiing onh the exhibition of a known duiietic substance in a fixed 
scale of dosage \Vhen this method fails to effect diuiesis fuithei 
ineasuics aic necessai} In two patients of the piesent senes theie ivas 
a cessation of the effect ol meibajihcn and ammonium chloiide befoie 
complete relief liom edema had been cflccted It \vas thought that the 
blood chloiide, as dctei mined at that time was below the kidney 
thiediold and coiwequentK no dunesis was posnhlc Accoidingh, both 
patients weie gnen sodium chloiide I'nc giams was gnen h\ mouth 
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* ConiDlcte reliol from cdcnin 


on thiee successne da}s, laising the blood chloiide in one patient fiom 
246 to 445 mg, and in the othei patient who lespondcd, fiom 396 to 
429 mg Meibaphen alone given at this jioint jiioduced quick and com- 
plete lehef fiom edema 

These tw^o cases laise the question of the iclationship of the blood 
chloride Ie\el to the effectu encss of meibaphen as a diuietic Chait 4 
illustiates one of the cases in which sodium chloiide appealed to add to 
the eftectiveness of the diuietic It is of intciest, that while meibaphen 
alone w'as insufficient at the beginning, aftei the admimstiation of the 
sodium chloiide it pioduced a lapid diuiesis wuthout the aid of ammo- 
nium chloride Keith and Whelan ” hkew'ise noted this cessation of 
diuresis wdien the plasma chloiide content wvas below the noimal 
threshold In one case they administeied ammonium chloiide wuth 
satisfactoiy lesulls, but wdien sodium chloiide w^as administeied the 
patient’s weight inci eased and diuiesis did not occui The diuiesis in 
the piesent cases, however, only followed the fuithei admmistialion of 
meibaphen, and the sodium chloiide seemed cleailj' to augment its 
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effectiveness, wheieas m Keith and Whelan’s case a diuretic was not 
given following the sodium chloride 

The accompan 3 ang table is arranged to show the comparative action 
of the diuretics It gives the diuietics used, the number of trials of 
each and their effectiveness They were effective m completely remov- 
ing edematous fluid in thirty-nme instances and ineffective m forty-six 
Marvin found that m patients with congestive heart failure occur- 
1 mg with arteriosclerotic disease of the heart, the edema was more often 
relieved than the edema occuriing with other etiologic types of disease 
of the heait Chart 6 shows that this is not ni)'- experience In rheu- 
matic disease of the heart, 80 pei cent leacted to diuietics while in 
artei losclei otic disease of the heait, onty 37 per cent leacted The small 
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Chart 6 — Response to a diuretic according to the etiologic type of disease of 
the heart 

peicentage (20 per cent) of leaction m the syphilitic group is interesting 
In view of this observation it is difficult to accept Maivm’s statement that 
■‘'individuals with rheumatic heart disease seldom show satisfactory 
diuiesis” Not only was the best percentage of reaction noted in the 
iheumatic group, but even the presence of persistent caidiac activity 
did not seem to hinder the effectiveness of the diuretic This is shown 
in chart 7 

In the course of this study it seemed that there was a definite piog- 
nostic significance m the reaction or failure of leaction to a diuretic 
Chart 7 shows an analysis of the patients to determine this fact Of 
twenty-one patients who did not leact to one oi moie diuietics, only six 

25 Marvin, H M Digitalis and Diuretics in Heart Failure with Regular 
Rhythm, with Especial Reference to the Importance of Etiologic Classification of 
Heart Disease, J Clin Investigation 3 521 (Feb ) 1927 
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left the hospital alive, all weie in a piecaiious condition and left at their 
own lequest On the othei hand, of twenty-five patients who lesponded 
to diuielics, fifteen weie able to leave the hospital in an impioved state, 
e\ en though some degree of heai t failm e persisted This seems to indicate 
that leaction to a diuretic undei the conditions of this study is a distinct 
guide to the immediate prognosis A follow-up was made, m the Out- 
Patient Caidiac Clinic, m only six of the fifteen patients discharged as 
impioved after complete lehef fioni edema by means of a dim etic While 
the total numbei is small it shows the tendency of most of these patients 
to decline lapidly into progressive heart failure and to die in a compara- 
tnely short tune aftei dischaige fiom the hospital This is shown in 
chart 7 
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Chart 7 — Rclationsliip between the rc.ietion to .i diuietie and the immediate 
prognosis Only one of the patients discharged as impro\ed was alive at the end 
of the }car 


A Study of chart 7 shows that of foit)-six patients with congestive 
heait failuie who did not leact to digitalis by duncsis (although the 
vagal effect was maiked in most cases) twent> -eight died within six 
months, and seventeen weie dischaigcd fiom the hospital with varying 
degrees of congestive failure One patient who leacted to a dimetic 
died of congestive failuie eighteen months latei 

While one may not wish to diaw any conclusions concci ning the value 
of the leaction to diuretics as a guide to immediate piognosis, this study 
indicates that in the entire gioup of patients who do not lespond to 
digitalis by diuiesis it is exceptional foi life to exceed six months 
Maivin’s^' figures in this legaid aic compaiablc to mine Theie is no 
evidence fiom the piesent stud) oi fiom the hteiatuie that lehef fiom 
edema by means of a diuietic aftei digitalis has failed, does any moie 
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than tempoiaiily influence the piognosis Since edema of this type is 
due directly or indirectly to a failing ni} ocardium which does not respond 
to the best theiapeutic ineasuies at one’s command, rest and digitalis, it 
is obvious that diuiesis is onl} a palliative measuie While a favorable 
diuretic effect increases the expectanc}’^ of life in some patients for a 
short time, its greatest value lies in lelief fiom one of the most distress- 
ing featuies of teiminal heart disease, anasaica 

SUMMARY 

Cai diac edema can be i eher ed b}' digitalis in most instances 
In those patients in whom digitalis is ineffective, diuresis may be 
produced fiequently b}'^ othei drugs 

Of the many diuretics at my disposal, theophylline and merbaphen, 
in combination vith ammonium chloiide, have been most useful 

In a senes of foit}-stx patients with congestive heart failuie in 
vhom edema was not leheved br digitalis, diuietics weie successful in 
t\vent}-fl-\e cases, or about 54 pei cent 

The gieatest incidence of leaction was noted m the iheumatic group 
A sti iking incidence of leaction was noted in the iheumatic group 
with persistent cardiac actniti 

It mat be that the cessation of diuietic effect befoie edema is com- 
pleteh relieved is due to a temporal \ depletion of blood chloride This 
appeals to be borne out b\ two patients in the piesent senes 

The failure of reaction to adequate digitalization indicates a marked 
diminution of cardiac lesene Eren when the patients subsequently 
reacted to a diuretic b\ complete lehef fiom edema, length of life 
exceeded six months in onh one instance 



BLOOD SUGAR REGULATION IN IDIOPATHIC 

STEATORRHEA 

II THE ORIGIN or THE LOW BLOOD SUGAR CURVE'’ 

T E HESS IIIAYSEN 

COPLMIAGl R, I)I ^MARK 

In a preceding papei ^ the “low blood sugai cunc” was defined as 
a cnive with a rise of only 40 mg pei luindied cubic centimeters 
01 less aftei the ingestion of about 60 Gm of dcxtiose, piovided that 
the deteimmation was made b} Plagcdoin and Nounan- Jensen’s method 
and that the blood was diawn at mtcnals of fiom ten to fifteen minutes 
Fuithei, It w'as pointed out that the low blood sugai cuivc occuiied 
fiequentl> in the idiopathic steatoi i heas, and its clinical significance 
was discussed In this papei, I shall lepoit some mi estigations that I 
made in oidei to undei stand how the low blood sugai cune comes 
about 

Assuming that the sjmptoms of the idiopathic steatoi i heas aiise 
fiom some distuibance in absoiption which applies chielh to the 
ahmentai} fats but perhaps also, m lessei degice, to the piotcms, one 
might imagine that the slight use of the blood sugai tune aftei the 
ingestion of dextrose is due to a lowcicd absorption of dcxtiosc oi, as 
Herter- assumed in the case of Gec-Hei lei’s disease, to a desti action 
of dextrose thioiigh abnormal bacteiial action Ibis thcoiy is suggested 
by the fact set foith in the picceding papei, that the blood sugai 
cuive IS noimal in the cuied patients, and that it mes in the good 
periods of the disease As low' blood sugai cunes, howevei, may occui 
in these periods with noimal stools (patients 2 and 4, table 3), of which 
the cuive in the accoinpau) ing chait is a good illustiation, and as a 
normal cuive may be found duiing a period of seveie fatty diaiihca 
(patient 7, table 3), the obscivations indicate that the use of the blood 
sugar curve is a phenomenon concuiicnt wnth impioicment m the 
absoiption of fat 

To evade the influence which a low'eied absoiption oi a dcstiuc- 
tion of dextrose in the intestines might have on the foim of the blood 
sugar curve, I gave intiavenons injections of 20 Gm of dextiose to 

" Submitted for publication, Feb 11, 1929 

=''From the Medical Department of St Eli/abctli’s Hospital 

1 Thaysen, TEH, and Norgaard, A The Blood Sugar Regulation in 
Idiopathic Steatorrhea I The Low Blood Sugar Cuive, Arch Int Afecl 44 17 
(July) 1929 

2 Herter Intestinal Infantilism, New York, The MacnuUau Compaq, 1908 
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SIX patients The injection time was fiom two to three minutes Four 
of the SIX patients (cases 2, 4, 10 and 5) showed a low curve on 
some of the tests , the others showed a low curve on every test 

Table 1 shows that m three of the cases, the tolerance figuie, which 
IS calculated aftei Stephan Jorgensen’s ® formula, is lower than any 
which he demonstrated in patients with normal carbohydrate metabo- 
lism, in whom the lowest loading figure was 49 The fourth patient 
with a low curve (case 2) showed a normal loading figuie The load- 
ing figure IS also normal in case 6 (with a low level curve) and in 
case 8 (with a normal cuive aftei the ingestion of dextrose) Leaving 



Blood sugar curve for patient 6, showing no rise whatever but instead, a slight 
fall after the ingestion of dextrose This would seem to indicate that the patient 
did not take the dextrose The assistant observed, however, that she drank the 
solution of dextrose after which she was nauseated, as she had been after the 
ingestion of dextrose on previous examinations Figures along bottom of chart 
indicate minutes 


Table 1 — Tolaance Figwcs Aftei the Inti avenous Injection of 20 
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3 Jorgensen Acta med Scandinav 64 116, 1926 
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out patient 8, theie is an aveiage lodclmg figuie of sevent}-four in five 
patients with low or low leicl cuives, wliile Joigensen found an avei- 
age loading figuie of 107 in thiity-two noimal peisons and, latei (not 
published), an aieiage of 113 in thiitcen noimal peisons Taking the 
gioup as a uhole, three of six ciiixcs aic abnoimalh low and fall 
lapidh to the fasting lalue That agiees uith the ficqucncy of the 
low blood sugai cuive in the te'^ls aftei the ingestion of dextiose 
(50 pel cent) 

Although these obseivations dcfinilcli, indicate that the cause of the 
Ion blood sugai cune is not to be found in a dccieacc oi impaiimenl 
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of the absoiption of dextiose, I have tiied fiiithci to establish this 
view b} investigating whethci the lespiiatoiy quotient ' inci eases in 
these patients aftci the ingestion of dextiose 

Table 2 shows that the lespnatoiy quotient, detei mined aftei 
twelve hours’ fasting, uses as in noim.d peisons to oi neaily to the 
straight quotient of caiboh)diate oxidation, thiec qiiaiteis of an houi 
after the ingestion of about 70 Gm of dextiose in about 700 cc of 
water This shows that the ingested dextiose must have been absoibed 
The cause of the low blood sugai eiiive, theiefoie, cannot be 
defective absoiption oi destiuction of the dextiose It may be looked 

4 The respiratory quotient is detei mined with the self-iegistenng respiratory 
apparatus, constructed by Ilagedorn (Biochem J 18 1301, 1924) In clinical 
investigations, this apparatus has the paiticulai advantage that instances of uneven 
ventilation can be detected All doubtful observations have been discaided 
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for, then, in abnoimal metabolism of dextrose In view of the fact 
that the body is deprived of a greater or smaller part of its energy 
through the loss of fats m the stools, it would seem reasonable to 
assume that the oigamsm utilizes the absorbed caibohydrates to a 
laigei extent than normal instead of storing them as glycogen If 
this explanation holds true, one must assume that the deposits of 
glycogen in the organism are smaller than normal In order to find 
out if this IS the case I determined the respiratory quotient in some of 
these patients aftei an ordinal}^ diet of their choice, but rather low 
in fats, and after a diet high in caibohydrates (Hagedorn, Holten and 
Hecht-Johansen ®), with the addition of 100 Gm of fish and 10 Gm 


Table 3 — The Respuafoi y Quotient on Oidinaiy and Caibohydrafe-Htgh Diet 
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of buttei These diets weie given two days preceding the examination 
that was made aftei twelve horns of fasting The results are given in 
table 3 

Table 3 shows that when the patient is on an oidmary diet the 
average value of the i espirator}'^ quotient is 0 817, which is so high 
that even on that diet the organism must have a considerable amount 
of carbohydrate in reserve On a diet high in caibohydrates the aver- 
age value of the respiiatory quotient uses to 0 85, which agrees with 
the aveiage respiratory quotient in normal persons on the same 
diet According to Hagedorn, Holten and Hecht-Johansen, this is 
0 864T:0 009 These tests, then, do not indicate that in these patients 
the organism is particularly poor in glycogen, or that it is incapable 


5 Hagedorn, H C , Holten, C, and Hecht-Johansen, A Pathology of 
Metabolism in Obesity, Arch Int Med 40 30 (July) 1927 
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of storing caiboltydiates as glycogen I may add that the ingestion 
of dextiose aftei an oidmaiy diet oi one high in cai bohydrates pioduced 
no sign that the patients conveited caibohydiates into fats to an} 
laigei extent than normall} I fiirthei investigated whethei these 
patients weie capable of mobilizing their carbohydiate stoies on injec- 
tion of epinephiine (1 mg subcutaneously) As shown in table 4, I 
found a use in the blood sugar cuive that was lathei high when 
compaied with the obser^atlons of Biems,® Billingheimer," Brosalnier® 
and K} hn ^ 

T \BLL 4 — Rtsc ui the Blood Sugai Cuivc Aftci Injection of 1 Milligiam 

of Epmcphi me 
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COMMENT 

By these observations, it is demonstiated that the lov blood sugai 
curve m idiopathic steatorrhea cannot be due to defectne absoiption 
or destruction of dextiose in the intestines Fuither, it cannot be 
occasioned b} a marked systemic deficiency of glycogen By this 
method of exclusion, one arrives at the view that the low blood sugar 
curve must be due to some disturbance m the regulation of the blood 
sugar 

Consideiing that a low blood sugai value during fasting is found 
more frequently m idiopathic steatorrhea than noimally, although 
hypoglycemic values are rathei laie, and that the low blood sugar 
curve may be interpieted as an alimentary relative hypoglycemia, one 
might expect to find the same low blood sugar cuive in the cases of 

6 Brems Acta med Scandmav 64 547, 1926 

7 Bilhngheimer Deutsches Arch f khn Lied 136 1, 1921 

8 Brosalmer Deutsches Arch f khn Med 137 299, 1921 

9 Kyhn Zentralbl f inn Med 45 745, 1924 
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spontaneous hypoglycemia that are leported in the literatuie This 
IS fuither suggested by the fact that patients with idiopathic stea- 
torrhea often complain of excessive fatigue and have marked nervous 
disturbances and periodic attacks of a remarkably seveie sensation of 
hunger, symptoms which are also found, although in a somewhat differ- 
ent foim, in patients with spontaneous hypoglycemia While these 
symptoms occur periodically in idiopathic steatoirhea, the nervous 
s)miptoms and the frequent but not constant sensation of hunger in 
spontaneous hypoglycemia seem to appear at definite tunes of the day, 
usually some time after meals and coinciding with the abnormally low 
blood sugar values 

In those cases, however, in which the hypoglycemia is attributed 
to a lesion of the liver ( Wagnei and Parnas,^“ Schnapper and van 
Ciefeld,^’- and, peihaps, Laioche, Lelourd}^ and Bussiere^-), there is 
no low blood sugar cuive after the ingestion of dextrose but, instead, 
a normal (Schnapper and A^an Crefeld and Laioche) or an abnormally 
high rise (Wagnei and Parnas) Wildei, Allan, Power and Robert- 
son found a similar abnormally high rise of the blood sugar curve 
m a case of spontaneous h)^pogl 3 '^cemia that was thought to be due to 
hypermsuhnism produced by a metastasizing carcinoma oiiginating in 
the islands of Langerhans In those cases (Stenstrom,^^ Odin^® and 
Petterson ^®), m which the hypoglycemic coma is regarded as due to 
a disturbance of the blood sugar regulation that is exerted by the 
thyioid gland, the suprarenal glands and the insular tissue of the 
pancreas (on autopsy, Odin and Petteison found atrophy of the thyioid 
and suprarenal glands, togethei with mciease of the pancreatic 
islands), the blood sugar curA'^e was found to be noimal (Stenstrom) 
or questionably low (In a test made eveiy twenty minutes by Odin 
and Petterson there Avas a rise of 31 and 34 milligrams per hundred 
cubic centimeters ) Also m those cases m which the origin of the 
h 3 ''poglycemia AA^as doubtful (Harris,^® Cammidge,^® Sendrail and 

10 Wagner and Parnas Ztschr f d ges exper Med 25 361, 1921 

11 Schnapper and van Crefeld Bull et mem Soc med d hop de Pans 
52 1, 1928 

12 Laroche, LelourdA^, and Bussiere Presse med 36 513, 1928 

13 Wilder, R M , Allan, F N , PoAA'er, M H , and Robertson, H E Car- 
cinoma of the Islands of the Pancreas, J A M A 89 348 (July 30) 1927 

14 Stenstrom Deutsches Arch f klin Med 152 173, 1926 

15 Odin Acta med ScandinaA^, supplement no 26, 1928, p 182 

16 Petterson Acta med Scandinar'- 69 232, 1928 

17 No blood sugar curve is given by Gougerot and Peyre Compt rend Soc 
de biol 93 1202, 1925 

18 Harris, S Hypermsuhnism and Dysinsuhnism, J A M A 83 729 
(Sept 6) 1924 

19 Cammidge Lancet 2 1227, 1924 
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Planques tlieie was a noimal blood sugai cuive The injection of 
epinephiine in these cases caused a slight use of the blood sugar curve 
(Wilder, Wagnei and Painas,^® Schnapper and van Crefeld,^^ Sten- 
stiom,“ Odin and Petteison^®) In my own cases of idiopathic 
steatoiihea. the blood sugai cuive was lather high aftei the injection 
of epinephiine 

While no t}pical low blood sugai cuive was encounteied in the 
afoieinentioned cases of spontaneous hypoglycemia, and, as far as 
I know, Clines of this kind aie not paiticulaily numerous in mono- 
glandulai lesions such as myxedema, Addison’s disease and hypophyseal 
lesions, the liteiatuie contains seveial repoits of low blood sugar cuives 
in expeiimental 113^101 msulmism (Mansfeld,-^ Albern and Beguslow 
and Jorns-^) These authois ha\e shown that the oial administiation 
of dextrose in dogs and labbits is followed by blood sugar cuives that 
aie consideiabl} lowei some time aftei the ligation of Wirsung’s duct 
01 after twisting of the pancieas than befoie the operation This 
operation bungs about a moie 01 less pionounced atiophy of the 
pancreas and, as Heixheimci has paiticulaily demonstrated m the 
chicken, l^perti oph}’’ of the islands of Langeihans ivith an inciease 
of the insulin content 

These expeiiments demonstiale cxcellentl} the influence that an 
inciease in the pioduction of insulin may haie on the couise of the 
blood sugar cuive As could be expected, these conditions aie much 
more complicated m human pathology than in expeiiments on animals 
and they oflei no dependable contiibution to the undei standing of how 
the loiv blood sugai cuive occuis in idiopathic steatorihea For the 
present, one can mciel}’’ state that the loiv blood sugai cuive in 
idiopathic steatorihea is due to an abnoimaht}'^ of the blood sugai 
regulation, and that no associated changes have been demonstiated m 
the liver, the oigan of most impoitance in caibohydiate metabolism 

In seeking the cause for the distmbance in the legulation of the 
blood sugar that underlies the loiv blood sugai cuive, it is reasonable 
to associate it ivith that state of undei nutiition m which patients with 
idiopathic steatoirhea usually have been for seveial yeais Table 3 m 
the piecedmg papei ^ seems to confiim this view^ to some degiee, as the 
blood sugar curve is noimal m rvell-noui ished patients (patients 7 , 8 
and 12 ) and low in these pooily nounshed The table shows, hoivever, 
that there is no definite demonstiable 1 elation between the deficit in 
weight and the height of the blood sugai cuive In case 4 , foi instance, 

20 Sendrail and Planques Ga/ d hop 100 1105, 1927 

21 Mansfeld Khn Wchnschr 3 2378, 1924 

22 Albern and Beguslow Klin Wchnschr 7 586, 1928 

23 Jorns Klin Wchnschi 5 2452, 1926 
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the eight of the patient was almost normal m spite of the low curve, 
in case 5, the curve did not rise in spite of a considerable gain in weight, 
in case 6, it did not fall in spite of a loss of weight, and in case 10, the 
increase in use of the cuiwe was not connected with any gain in weight 
Add to this the fact that the patients with high curves showed con- 
siderable clinical improvement and one might just as well associate the 
greater rise of the curve with the clinical improvement This material, 
theiefoie, does not indicate any paiticularly definite relation between 
the nutrition of the patients and the height of the blood sugar curve 

Recent im estigations of the influence of a brief fast on the rise 
of the blood sugar curve showed that the rise is greater after fasting 
up to thiee days (Traugott -■‘) As is well known, undernutrition for 
a longer period is often associated with mild ghcosuria after meals 
(“Yakantglykosuri,” Hoppe- Seyler and “Hungerdiabetes,” Hof- 
meister a form of gljcosuria which Nothmann and Cobet regarded 
as renal, and which was not connected with any low blood sugar curve 
in their experiments on animals So far as I know, there are no usable 
data on the form of the blood sugar curve m the hunger edema that 
occurred in Germany during the wai Jansen stated that in this case 
the amount of blood sugar during fasting was either normal or a little 
below’’ normal In carcinoma of the digestive tract, wdiich often produces 
proti acted and marked undei nutrition, Fnedenw’ald and Grove-® found 
that the blood curve rises higher and falls more slowly than it does 
normall) , and that the blood sugar value during fasting is higher than 
usual These investigations, however, are hardly conclusive as to the 
influence of undernutrition on the use of the blood sugar curve, because 
in idiopathic steatorrhea the undernutrition is protracted for a much 
longer period than in the afoiementioned conditions Also, as is well 
knowm, chronic inanition causes loss of w’eight and, to some extent, 
changes in the endocrine glands with the exception, apparently, of the 
pancreas (Jackson®®) In view of the fact that the parathyioid glands 
(tetany), the supraienal glands (low^ blood pressuie, abnormal pigmen- 
tation) and, eventually, the thyroid gland (inciease of basal metabolism 
to 143 pel cent) are not infrequently affected in cases of idiopathic 
steatorrhea, the question arises as to wdiether that disease of the 
endocrine glands regulating the blood sugar w’hich supposedly underlies 

24 Traugott Klin Y'chnschr 1 892, 1922 

25 Hoppe-Se 3 ler Verhandl d Kong f inn !Med 1902, p 384 

26 Hofmeister Arch f exper Path u Pharmakol 26 355, 1896 

27 Nothmann and Cobet ^^erhandl d deutsch Gesellsch f inn Med , Kong 
40 1928, p 246 

28 Jansen Deutsches Arch f khn Med 131 144, 1920 

29 Friedenuald and Gro^e Am J M Sc 160 313, 1920 

30 Jackson Inanition and [Malnutrition, London, J 4 Churchill, 1925 
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the low blood sugar cuive is not occasioned by the same noxious factoi 
that causes the aforementioned functional distui bailees of the endocime 
glands 

SUMMARY 

The low blood sugai cuive m idiopathic steatorihea cannot be due 
to defective absoiption oi destiuction of dextiose in the intestinal tiact 
foi the following reasons 

1 The blood sugai cuive is low just as often aftei mtiavenous 
injection of dextiose as aftei intake by mouth 

2 The respiratoiy quotient uses to about one aftei the ingestion 
of dextrose 

3 The lespiratoi}'' quotient is highei on a diet of caiboh} diates 
than on an ordinal y diet 

The low blood sugai curve cannot be due to an inci eased oxidation 
of carbohydi ates, caused by the loss in fats, as the lespiiatoiy quotient 
on an oidinai}'' diet show^s that the oiganism has a fan iesei\e supply 
of caibohydrates 

The low' blood sugar cuive does not occui more fiequently in cases 
of chiefl)' monoglandulai endocrine lesions oi m spontaneous hypogly- 
cemia than it does m noimal peisons On the othei hand, it can be 
pioduced in dogs by ligating the duct of Wirsung or by twustmg the 
panel eas 

The cause of the low' blood sugar cuive is uncertain It can hardly 
be undernutiition, more piobably it is due to some toxic effect on the 
endocime glands which regulate the blood sugai content 



RENAL INSUFFICIENCY ASSOCIATED WITH 
BENCE-JONES PROTEINURIA 

REPORT OF THIRTEEN CASES WITH A NOTE ON THE CHANGES 
IN TFIE SERUM PROTEINS - 

EDWIN G BANNICK, MD 

AND 

CARL H GREENE, MD 

ROCHESTER, MIlvN 

The frequency of the occurrence of renal insufficiency in the presence 
of Bence-Jones proteinuria deserves further emphasis Geschicktei 
and Copeland ^ recently called attention to the close association of 
multiple myeloma, Bence-Jones proteinuria and renal disease, stating 
that the changes m the kidney in cases of multiple myeloma are as 
varied and diverse as the pulmonary changes, and that they are present 
in a larger proportion of the cases, about 70 per cent If this state- 
ment IS accepted, it must be remembered that these statistics regarding 
the presence of renal changes are based primarily on postmortem data 
Most of the cases of multiple myeloma, approximately 80 per cent, 
occur in patients between the ages of 40 and 70 years, with the peak 
of incidence at 55 years Therefore, some of the abnormalities found 
m the kidne}, post mortem, may be entirely incidental and not the direct 
result of either the multiple myeloma or the proteinuria On the other 
hand, the association of the two conditions is too common and the 
clinical and pathologic descriptions are too characteristic, as a rule, 
to be explained on the basis of coincidence Some causal relationship 
must exist 

We have selected from the files of the Mayo Clinic thirteen cases 
of Bence-Jones proteinuria with evidence of some renal insuffi- 
cienc} This probabl}’^ does not represent the entire series, as several 
patients were allowed to go home after the diagnosis of multiple 
myeloma had been made without undergoing any further studies from 
the standpoint of renal function, and therefore, the data are incomplete 
for the text of this discussion This factor also precludes a statement 
on our part as to the actual frequency of association of the two con- 
ditions Some of these cases were included in the preMous reports of 

* Submitted for publication. May 6, 1929 
From the Dnision of Medicine, the Majo Clinic 

1 Geschickter, C F, and Copeland, M M Multiple ^Mieloma, Arch Surg 
16 807 (April) 1928 
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Walteis- and Meyeiding" Only the signifiant data relative to the 
renal function aie included in the ahstiact of the case histones of the 
previously repoited cases Two additional cases, without renal 
insufficienc)'^, aie lepoited because of the studies on the serum pioteins 

REPORT OF CASES 

Case 1 — A man, aged 47, came to the Maj^o Clinic on Oct 18, 1921, com- 
plaining of weakness and soreness in the limbs and neck The patient apparently 
had been m good health until September, 1920 At that time, however, he had 
begun to have sharp pains in the back, radiating to the left side and ^eft lower 
quadrant of the abdomen He had been under treatment in the hospital for a few 
weeks for nephritis, although urinarj’^ sj’mptoms or edema had not been present 
at that time There had been gradual recovery in the spring of 1921 with a gam 
in weight and strength, although on several occasions he had been unable to 
urinate and catheterization had been necessarj A second similar attack of left- 
sided pain had been noted m June, 1921, at which tune he had had fever for a short 
time, on several occasions as high as 104 F He had been in bed for two months 
complaining of weakness, gas on the stomach, slight diarrhea and occasional attacks 
of v'omitmg There had been no pain since then, but there had been tenderness 
on both sides of the abdomen and soreness along the legs, arms and neck The 
home phj’^sician had found Bence-Jones protein m the urine a few days before 
admission to the clinic, and had advised studj-- here 

The patient was found to be anemic and pale The heart was slightlj enlarged 
to the left, and there was a slight systolic murmur at the apex A moderate grade 
of arteriosclerosis of the brachial arteries was noted There was some pigmen- 
tation over the thorax, and especially around the genitalia and anal fold There 
was no edema Urinalysis disclosed Bence-Jones proteinuria, and, also, moderate 
albuminuria The urinary sediment usuallj was clear, but on a few occasions it 
contained er} throcytes, casts and pus cells The maximal excretion of phenol- 
sulphonphthalein obtained on three occasions was 5 per cent in two hours The 
blood urea was 218 mg , the uric acid 7 7 mg and the creatinine 7 5 mg per 
hundred cubic centimeters The erythrocytes numbered about 2,000,000 per cubic 
millimeter of blood, and the hemoglobin by the Dare method was about 35 per 
cent The leukocytes numbered from 5,000 to 7,500 per cubic millimeter of blood 
The blood pressure varied from 110 to 145 systolic and from 60 to 100 diastolic, 
measured in millimeters of mercury There was fixation of the specific gravity 
of the urine The ocular fundi were essentiallj’’ normal, except for the anemic 
appearance and some choroidal sclerosis The blood scrum and spinal fluid were 
tested for the presence of Bence-Jones protein, with negativ^e results The Was- 
sermann reaction of the blood was negative Fractional analvsis of gastric content 
revealed absence of free hydrochloric acid after a test meal Roentgenograms of 
the stomach gave evidence of a duodenal ulcer, whereas that of the chest disclosed 
slight enlargement of the heart Roentgenograms of the head, spinal column, 
pelvis, both shoulders, arms and forearms, both femurs, accessory nasal sinuses, 

2 Walters, Waltman Bence-Jones Proteinuria A Report of Three Cases 
with Metabolic Studies, J A M A 76 641 (March 5) 1921 , Chronic Nephritis 
with Bence-Jones Proteinuria Effect of Radium Exposures on Quantitative 
Output of Bence-Jones Protein, M Rec 100 847, 1921 

3 Meyerdmg, H W Multiple Myeloma, Radiology 5 132, 1925 
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There was no edema and in the urinary sediment were no erythrocytes, but there 
was a considerable number of casts and some pus cells 

Case 6 (Meyerdmg) — A man, aged 43, came to the clinic on Oct 29, 1923, 
complaining of weakness, drowsiness and loss of weight 

The urine contained Bence-Jones protein, and roentgenograms of the osseous 
system revealed multiple areas of bone destruction in the humeri, upper end of 
the left radius and ulna, left tibia and ribs A diagnosis of multiple myeloma 
with Bence-Jones proteinuria was made Laboratory data are summarized in 
table 1 A diagnosis of associated renal insufficiency was made for several 
reasons Excretion of phenolsulphonphthalein was only 25 per cent m two hours 
Moreover, the blood urea was 62 to 66 mg , the uric acid, 5 2 mg , and the creati- 
nine, 3 8 mg per hundred cubic centimeters There was also a definite tendency 
toward fixation in the specific gravity of the urine The serum protein was 6 5 
and 7 3 per cent There was no edema The blood pressure was from llS to 
125 systolic and 45 diastolic Examination of the fundi gave essentially negative 
results 

Case 7 — A woman, aged 52, was admitted to the clinic on Nov 15, 1923, 
because of discomfort in the lower portion of the abdomen, and to have an inves- 
tigation of an albuminuria About two 3 'ears before admission she had been 
knocked down on a stone floor, striking on her right hip and back She had 
suffered severe nervous shock and, according to her description, had been com- 
pletely paraljzed, unable to mo\e hands, head or feet, j'et, she had retained per- 
fect control of the sphincters Movement in the upper extremities had returned 
rapidly, but for three weeks she had not been able to move her legs Then she 
gradually had improved and had left her bed liowever, she had experienced 
great difficulty in moving about and convalescence had been prolonged because 
of nervousness and weakness She never had felt entirely well since that time, 
and always had had some weakness and pains m the back, across the sacro-iliac 
region and between the shoulders 

General examination showed the patient to be considerably underweight, and 
anemic, with moderate kyphosis The heart was not enlarged and was not grossly 
abnormal, a systolic bruit was audible over the apex In other respects, also, 
general examination gave entirely negative results except for large uterine fibro- 
myomas The blood pressure was 115 systolic and 70 diastolic Urinalysis 
disclosed marked proteinuria The erythrocytes numbered from 2,600,000 to 
3,400,000 and the hemoglobin, by the Dare method, was from 50 to 60 per cent 
The leukocyte count was normal The excretion of phenolsulphonphthalein was 
30 per cent in two hours Blood urea was 66 mg and creatinine 2 5 mg per 
hundred cubic centimeters The Wassermann reaction of the blood was negative 
Examination of the fundi gave negative results There was no edema Because 
of the unusual renal data, the urine was examined for Bence-Jones protein, and 
a positive reaction was obtained Roentgenograms disclosed multiple areas of 
destruction in the bones of the head including the skull, in the ribs and m both 
clavicles The bones of the extremities were not involved A diagnosis was made 
of multiple myeloma, with Bence-Jones proteinuiia and associated secondary 
anemia and renal insufficiency 

Case 8 — A man, aged 60, was admitted to the clinic on Oct 1, 1928, com- 
plaining chiefly of difficulty m walking, of six months’ duration Three or four 
years before admission he had had headaches, occurring once or twice a week 
and associated frequently with nausea and vomiting, but in the last six or eight 
months he had had little headache One yeai previously, he had noticed a lump 
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o^er the upper part of the sternum This had increased in size For fi\e or six 
months he had had shooting pains in the lower portion of the chest Six months 
previousl}^ he had sprained his back while swinging at a golf ball, and had been 
disabled for some time as a result of tins In May, 1928, he had had a sudden 
pain in the back and had fallen to the ground without losing consciousness He 
had been unable to stand, had crawled to the house on his hands and knees, and 
had been confined to his bed foi twelve weeks, chieflj because of pain in the 
back, and in the chest Gradually weakness had developed m both arms and legs 
and definite incoordination, wuth some difficultj in speech, had appeared in the 
last two months More recently he had noticed considerable loss of iveight and 
frequency in urination 

The patient was tall, thin and anemic He show'ed evidence of loss of weight 
and strength and was somewhat ataxic There w'as a large swelling in the upper 
end of the sternum approximately 9 cm in diameter General examination other- 
w'lse did not disclose abnormalities There was no edema The blood pressure 
varied from 175 to 210 systolic and from 115 to 140 diastolic Urinalysis revealed 
marked Bence-Jones proteinuria, a few hyaline casts, erythrocytes and pus cells 
The hemoglobin by the Dare method was 48 per cent, erjdhrocytes numbered 
2,800,000 and leukocytes, 7,900 Blood uiea w'as 62 mg per hundred cubic centi- 
meters The Wassermann reaction of the blood w’as negative and examination 
of the spinal fluid gave negative results Examination of the fundi disclosed only 
moderate arteriosclerosis of the hypertensive tjpe Roentgenograms of the chest 
gave evidence of diffuse dilatation of the arch of the aorta wuth a circumscribed 
shadow" at the level of the second nb anteriorly Roentgenograms of the head 
and of the lumbar and thoracic spine revealed multiple areas of destruction, 
probably multiple myeloma A diagnosis w'as made of multiple mjeloma with 
Bence-Jones proteinuria and associated renal insufficiency, secondary anemia, 
arteriosclerosis and hypertension, and an intracranial lesion, not definitelj explained 
but probably associated w'lth the multiple mjeloma 

Case 9 — A woman, aged 69, was admitted to the clinic on Aug 16, 1927, 
complaining chiefly of generalized aches and pains and w’eakness of about eight 
months’ duration This weakness had been steadily progressive, and associated 
W’lth It there was a loss m weight of between 50 and 60 pounds (22 7 and 272 
Kg ) The pain affected chief!}’ the lumbar and lower abdominal regions and 
W’as becoming progressively worse, so that at times she could not walk Shortly 
before she had come to the clinic she had noticed progressive dyspnea, but there 
had never been any edema She had been voiding urine every half hour in small 
amounts during the da}, and frequently at night 

At the time the patient w’as examined she w’as cachectic Her heart was 
slightly enlarged, and there w’as an accentuated aortic second sound Movement 
W'as extremely painful and some tenderness over the low’er part of the abdomen 
W’as noted The blood pressure w’as 185 systolic and 105 diastolic Urinalysis 
disclosed marked proteinuria, and a positive Bence-Jones reaction w’as obtained 
An uncatheter’ zed specimen contained a few' erythroc}tes and considerable pus, 
but a cathetenzed specimen gaie evidence only of marked pyuria The hemo- 
globin W’as 45 per cent bv the Dare method, the erythrocytes numbered 2,840,000 
and leukoc}tes numbered 14,000 The Wassermann reaction of the blood was 
negative Analysis of gastric content ga\e negative results Excretion of phenol- 
sulphonphthalein was 10 per cent in two hours The blood urea w’as 46 mg per 
hundred cubic centimeters Roentgenograms of the stomach did not disclose 
abnormalities and m a roentgenogram of the chest the only abnormality was some 
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cardiac enlargement Roentgenograms of the head, long bones and spine gave 
evidence of multiple areas of bone destruction suggestive of multiple myeloma 
A diagnosis was made of multiple myeloma with Bence-Jones proteinuria and 
associated renal insufficiency, artei losclerosis, hypertension, cystitis and probably 
pyelonephritis 

Casc 10 A man, aged 64, came to the clinic on May 22, 1924, complaining 

of weakness and djspepsia Two 3 'ears before admission the patient had been 
struck by an automobile, and the right hip was fractured, the sacrum was bruised 
and the head injured He had been in bed for five months as a result of this 
accident, and had not regained normal strength until a year later Then how- 
ever, he had begun to feel normal, had regained his appetite, had resumed his 
work and had felt as well as he ever had until about foui months before admis 
Sion, when he had begun to ha\e a dispepsia such as that caused by peptic ulcer 
Since that time, also there had been gradual loss of strength, a loss of 10 pounds 
(4 S Kg ) in weight, and he had become pale and anemic He had been obligea 
to urinate three or four times at night in recent months 

The patient was anemic and emaciated, and arcus senilis was present The 
heart and lungs seemed normal except for emphjsema Othei significant abnor- 
malities were not noted except for enlargement, deformity and ank>losis of the 
right hip joint There was some hypertrophj of the muscles of the right thigh, 
and a scar over the sacrum posteriorly as a result of the old injury The blood 
pressure was 100 systolic and 65 diastolic Marked Bence-Jones proteinuria was 
found on unnalvsis, but onlv an occasional pus cell was found otherwise The 
Wassermann reaction of the blood w'as negative Examination of the fundi gave 
essentially negative results Erythrocytes numbered from 2,400,000 to 2,800,000, 
hemoglobin w'as 40 to 45 per cent by the Dare method, and leukocytes numbered 
from 5,000 to 8,000 Excretion of phenolsulphonphthalein was 25 per cent in 
two hours Blood urea was 50 mg, nonprotein nitrogen was 74, the uric acid, 
4 5, and the creatinine, 2 4 mg per hundred cubic centimeters Definite inability 
to concentrate the urine was noted The seium protein was 6 per cent Analysis 
of gastric content disclosed slight hyperacidity Roentgenograms of the stomach 
revealed a perforated duodenal ulcer, and other roentgenograms showed that there 
was extensive malignancy in the bones of the skull, marked hypei trophic arthritis 
of the spine with destruction of the ribs, probably malignant, and flattening of 
the head of the right femur The long bones seemed normal A diagnosis was 
made of multiple myeloma, renal insufficiency, perforated duodenal ulcer and 
hypertrophic arthritis 

Case 11 (Meyerding) — A farmer, aged 56, came to the clinic on Aug 3, 1923, 
complaining of pain in the chest of four months’ duration follow'ing injuries 
received m a fall from a wagon He had sustained a second injury of the chest 
a few days before coming for examination, when a cow had kicked him A 
diagnosis of multiple myeloma was made based on the presence of Bence-Jones 
proteinuria, secondary anemia, history and roentgenograms The roentgenologic 
interpretation was hypertrophic arthritis of the spine and lesion of the eighth rib, 
due to an injury or myeloma 

The results of the laboratory examination as reported by Mey^erding are sum- 
marired in table 1, as follows Blood pressure was from 130 to 140 systolic and 
from 70 to 80 diastolic , there was marked Bence-Jones proteinuria , urinalysis 
revealed occasional hyaline casts, erythiocytcs and pus cells The blood urea was 
50 mg , the creatinine 2 3 mg , and the uric acid 5 7 mg per hundred cubic centi- 
meters Erythrocytes numbered from 2,500,000 to 3,000,000, with hemoglobin 
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from 45 to 55 per cent by the Dare method , the leukocytes numbered from 5,000 to 
7,000 There was no edema Some tendency toward fixation ot the specific 
gravity of the urine was noted Examination of the fundi disclosed some arterio- 
sclerosis and two small hemorrhages suggestive of the anemic t 3 'pe of hemorrhage 
The basal metabolic rate was -j- 14 The blood from this patient showed marked 
autoagglutmation in the laboratory There undoubtedly was some change in the 
serum proteins, but the report of analysis unfortunately was lost 

Case 12 — A woman, aged 70, registered at the clinic on Aug 7, 1928 Six 
months before admission she had complained of severe pain high in the back and 
some swelling of the ankles Urinalysis had revealed large amounts of “albumin,” 
and a diagnosis of chronic nephritis had been made Since that time marked 
weakness had developed progressively with loss in weight and strength, nausea, 
vomiting, diarrhea and a sensation of heaviness and drawing over the lower part 
of the abdomen For some time she had noted shortness of breath, and palpita- 
tion on exertion 

Examination revealed a tall, thin, anemic, elderly woman There was some 
dorsal kj'phosis The heart was enlarged slightly to the left and a systolic apical 
murmur was heard There was some tenderness across the lower portion of the 
abdomen The blood pressure was 130 systolic and 70 diastolic There was no 
edema Urinalysis disclosed marked proteinuria and a positive Bence-Jones reac- 
tion, microscopic examination of the urine gave entirely negative results Hemo- 
globin by the Dare method was 60 per cent, erythrocytes numbered 3,650,000 
Excretion of phenolsulphonphthalein was 35 per cent in two hours There was 
a definite tendency toward fixation of specific gravity of the urine Gastric con- 
tent was normal to analysis Roentgenograms of the stomach were negative 
Roentgenograms of the skull and long bones gave evidence of multiple myeloma 
of the skull and humerus A diagnosis was made of multiple myeloma, with 
Bence-Jones proteinuria, associated secondary anemia, and early renal insufficiency 

Case 13 — A man, aged 55, was admitted to the clinic on July 7, 1926, with a 
complaint of “sciatica ” There was nothing significant in the family or per- 
sonal histones except an attack of rheumatic fever at 11 years of age, and 
several mild attacks of influenza The present illness began a year before admis- 
sion when he strained his back while lifting After a short period of disability, 
he was markedly improved until the latter part of March, 1926, when influenza 
was contracted Following this, he began to have pains, across the lower part 
of the back, which were sharp and which radiated to the right hip This pain 
was troublesome for a period of about two months, but from the end of that 
period had been less severe 

Examination revealed a well developed, well nourished man The general 
examination was essentially negative except for marked prostatitis The patient 
complained of soreness over the sacro-iliac joints and over the right hip and 
inguinal region However, there was very little limitation of motion and crepita- 
tion was not noted The blood pressure was from 120 to 140 systolic and from 
70 to 85 diastolic, the temperature and pulse rate were normal There was 
marked proteinuria Microscopic examination of the urine was negative Eryth- 
rocvtes numbered from 3,200,000 to 3,800,000 and the hemoglobin by the Dare 
method ranged from 45 to 60 per cent Leukocytes averaged about 6,500 Blood 
urea was 33 mg , the nonprotein nitrogen 40 mg and the creatinine, 1 8 mg per 
hundred cubic centimeters Excretion of phenolsulphonphthalein was 45 per cent 
in two hours Definite inability to concentrate urine was noted There was no 
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edema Examination of the fundi gave essentially negative results The urine 
was examined foi Bence-Jones protein because of the marked albuminuria and 
because of the anemia in the presence of only slight renal insufficiency , a positive 
Bence-Jones reaction w'as obtained in all specimens The serum proteins were 
determined on twm occasions The total protein calculated from the refractive 
index w'as 10 75 and 10 55 and calculated from the total nitrogen, 10 08 and 10 54 
per cent The albumin was 4 and 445 and the globulin 6 08 and 6 09 per cent 
Fractionation of the globulin bv Howe’s method gave euglobulin 4 4, pseudo- 

Table 2 — Sctnm Piotcui m Cases of Bence-Jones Piofeimiiia 


Total 

Scrum 

Bcncc-Jones Protein, Albumin, Globulin, Renal In 
Case and Author Protein Per Cent Per Cent Per Cent sufficiency 


1 * 

0 



2* 

+ 

0 00 

2 50 

4 * 

+ 



6 * 


7 30 


10* 


COO 


13” 


10 54 

4 45 

14 * 

+ 



15 * 

Perlzweig, W A , Delrue, G , and Gcschich- 

T 

7 00 

5 20 

ter, O J A M A 00 755 (March 10) 



4 00 

1928 

+ 

13 15 

Jacobson, V O J Urol 1 107 1917 

Rowe A H Arch Int Med 10 351 

-T 

7 801 

4 S 

(March) 1917 


0 80 

Hewitt, E r Lancet 1 00, 1929 

Case, 0 E Chiton M Bull 11 30, 1929 

+ 

0 31 

4 35 


5 27 

4 54 

Thannhau«er, S J , and Lrauss, E Dent 
sches Arch f him Med 133 1S3, 1920 


0 41 



Abderhalden, E Ztsclir f plijsiol Clieiii 

lOG WO, 1919 + 

d'Allocco, 0 Lai on d Cong di med 
int , 1S99, pp 23S-20G 

Decdstello A Ztsclir f klin Med 07 319, 

1909, Wein Arch f inn Mod 1 335, 1920 J- 

Ponetti, E Riv ent di elm mod 2 7S9, 

1901 J- 

Lllinger, A Deutsches ^rch f him Med 


01 235, 1S9S + 

Marcoi ici, E E Ann Int Med 2 SSI, 

1929 d- 

Tailor, A E Miller, C W, ind Sweet, 

J E J Biol Chem 29 125, 1917 
Jochmann, G and Schumm, 0 Munehen 
med Wchnschr 48 1310, 1901, Ztsehr I 
him Med 4G 415, 1902 ± 

Ashanazi, S Deutsches Aicli f him Med 

GS 34, 1900 0 

Ettles, D Guy’s Hosp Rep 77 104, 1907 0 

Weber, E P , Hutchinson, R , and M ic 
leod, J J R Am J M Sc 12G 014, 

1903 0 

Reach, P Deutsches Arch f him Med 

82 390, 1905 0 


+ 

G50 + 

+ 
+ 
4 * 

0 09 ± 

0 

174 0 


9 09 + 

7S0 1 + 

20 

190 + 

0 73 + 

+ 

+ 

+ 

+ 

h 


0 


+ 

0 

+ 


* Our senes 

t Reported as Bence-Jones protein, total protein not dctcimincd 

globulin I, 1 14, and pseudoglobuhn II, 0 55 per cent The relative viscosity was 
also increased, with readings of 3 and 2 85 Roentgenograms gave evidence of 
malignant destruction of the twelfth thoracic vertebra, with multiple areas of 
destruction in the bones of the pelvis, and involvement of the bones of the skull, 
probably multiple myeloma A diagnosis was made of multiple myeloma with 
Bence-Jones proteinuria, secondary anemia, and early renal insufficiency 

We^have also studied the seium proteins in two additional cases 
of Bence-Jones proteinuria in which careful clinical and laboiatoiy 
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examination did not reveal evidence of lenal insufficienc)^ These 
studies are reported in table 2 as cases 14 and 15 Case 14 has 
pieviousl}’- been reported by Walteis^ and Wilson^ It is of especial 
inteiest because the Bence-Jones proteinuria had been recognized by 
the patient’s physician three years before , yet there was no evidence of 
renal insufficiency At necrops}’^ elsewhere, the kidneys were reported 
to be giossly noiinal 

COMMENT 

Many writers have emphasized the impoitance of examining the 
urine for Bence-Jones proteinuria in cases in which there is marked 
albuminuria, secondary anemia and no other evidences of renal 
insufficiency This, of course, is good advice and it has resulted m the 
lecogmtion of many cases of Bence-Jones proteinuiia and multiple 
myeloma in which the diagnosis otherwise would have been missed 
But too much emphasis has been placed on the “absence of other 
e\idences of renal insufficiency,” and as a lesult Bence-Jones proteinuria 
and myeloma have not been sufficiently considered m cases m which 
these “other evidences” have been present In too many instances lenal 
insufficiency with proteinuiia and anemia have been diagnosed as 
nephiitis of some sort, and thought has not been given to the possibility 
of Bence-Jones proteinuria It is only when the frequent association 
of the proteinuria and lenal insufficiency is appreciated, and when the 
chaiacteiistic and unusual chmcal picture is observed, that the large 
pioportion of these cases can be coirectly diagnosed 

In seveial of the cases reported the diagnosis was made, e^en with- 
out appreciation of the frequent association of proteinuria and nephritis, 
because of the unusual clinical picture and the difficulty in explaining 
this picture by classifying it as any of the usual types of nephntis 
Most of these patients are elderly people m whom renal insufficiency 
IS usualty explainable on the basis of a chronic pyelonephritis or by 
arteriosclerotic changes m the kidneys However, the association of 
marked proteinuria and marked anemia, which is usual in Bence-Jones 
piotemuria is unusual m either chronic py'^elonephritis or renal 
arteiiosclerosis The question of possible glomerulonephiitis arises 
Here again, the age of the patient, the absence of edema, of retinitis, 
and in many cases the absence of hematuria and hy'^pertension as well 
is Aery'^ unusual Lastlyq the frequent occurrence of marked anemia 
distinguishes these cases fiom the ordinary examples of chronic 
nephrosis In cases in Avhicli the physician meets with so many 
difficulties in the endeavoi to classify the so-called nephntis correct^, 
he should think of the possibility of Bence-Jones proteinuiia 

4 Wilson, D W A Spontaneous Crystallization of a Bence-Jones Protein, 
J Biol Chem 56 203, 1923 



BANNICK-GREENE— RENAL INSUFFICIENCY 497 

This piocess of leasoning is especially applicable in cases without 
hypertension, but is sound even when hypei tension is present This 
IS borne out veiy well in case 7, in which there was definite renal 
insufficiency, with a blood urea of 132 mg per hundred cubic centimeters 
and an excretion of phenolsulphonphthalem of 10 per cent The age 
of the patient, the absence of edema, of hematuria or of letimtis, and the 
piesence of maiked hypei tension, suggested that the renal insufficiency 
was on a vascular basis, but the anemia was somewhat out of piopoition 
to what could be expected in such cases Likewise, the “albummui la” 
was piofuse It was, therefore, thought advisable to examine the 
mine for Bence-Jones piotem and the coriect diagnosis was thus made 

We do not wish to speak dogmatically legaiding the cause of the 
lenal insufficiency in these cases of Bence-Jones proteinuria because 
we were unable to coiroboiate oui opinion by an examination of the 
kidneys m any of them We believe, however, that a discussion as to 
the possible and piobable causes is permissible, since it is based 
on a lelatively laige senes of oui own cases, with caiefully controlled 
clinical and laboratory data, and on the clinical and pathologic desciip- 
tions that aie scatteied thioughout the literatuie Certain authors are 
of the opinion that chronic nephritis, with retention of nitiogen and 
low blood pressuie, is typical of multiple myeloma and Bence-Jones 
pioteinuria Others believe that the chionic hypei tensive type of 
nephiitis, with retention of nitiogen, is the usual type Our cases 
would seem to bear out the foimei idea, that the usual clinical picture 
IS that of renal insufficiency, with little or no hypertension (ten of 
thirteen cases) Pyelonephiitis pioduces this type of renal picture 
and apparently explains some of the cases lepoited m the literatuie, as, 
for example, in figuie 12, published by Geschicktei and Copeland m 
illustration of their case 7 Pyelonephiitis piobably is an important 
factor in the pioduction of the insufficiency in seveial of our cases, 
cases 1, 3 and 9, however, it does not account for the lenal insufficiency 
111 most of them 

Thannhatiser and Kiauss"^ lepoited a case of multiple myeloma 
with Bence-Jones proteinuiia and lenal insufficiency of the type found 
in nephrosis with an exceptionally complete desciiption of the renal 
lesion from both the clinical and the pathologic standpoints The patho- 
logic-anatomic desci iption of the kidneys in their case can be summed up 
b} saying that there were found small, white, smooth kidneys in which 
micioscopic examination showed evidences of diffuse, high-grade, 

5 Thannhauser, S J , and Krauss, E Ueber eine degenerative Erhrankung 
der Harnkanalchen (Nephrose) bei Bence- Jonescher Albuminune mit Nieren- 
schwund (kleine, glalte, weisse Niere), Deutsches Arch f khn Med 133 183 
1920 
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degenei ati\ e change m the tubulai epithelium, wheieas the glomeiiili 
wei e onl) slightly involved, the so-called nephi otic contracted kidne} 

This description mateiially stiengthens our belief that most of the 
renal insufficienc)'- occurring in Bence-Jones piotemuria is the result 
of chronic tubulai destruction with subsequent fibiosis We believe 
this to be tiue of most of the cases leported in the liteiature as well 
as of our own series 

The cases which occur with aiterioscleiosis and hypei tension, we 
behe^e aie the result of arteiioscleiosis alone, or of arteriosclerosis 
combined with pyelonephiitis or nephi osis It is entiiely possible that 
the lenal injury and the profound proteinuria may contribute to the 
increase of the arteriosclerotic factois which are aheady playing a part 
m many of these eldeily patients The occurrence of true glomerulo- 
nephritis apparently is lare, but that it does occur is suggested by a few 
cases, foi example, by Geschickter and Copeland’s case 1 The amyloid 
reaction also has been repoited m the kidneys m seveial cases 

Longcope '' and others have emphasized the importance of 
foieign proteins in producing lenal iriitation and nephritis Geschickter 
and Copeland reported that Stokvis claimed to have induced nephi itis 
m dogs by the injection of the Bence-Jones protein The majoiity of 
m\ estigators have found that normal dogs can utilize or catabolize 
moderate amounts of Bence-Jones protein, but the excess beyond a cer- 
tain limit IS excreted in an unchanged condition Jacobson ® considered 
that lenal insufficiency led to letention of Bence-Jones piotein in the 
blood stream Decastello,® on the other hand, went so far as to suggest 
that the Bence-Jones piotem is letamed by the noimal kidnej and that 
a ceitam degiee of nephi itis is necessary to peimit its appearance in 
the urine These observations as well as those of Krauss indicate 
that the nephritic kidney may be somewhat moie permeable foi Bence- 
Jones piotein than the normal kidney However, it has been shown 
h) the observations of Taj loi Miller and Sweet Walters - and others 

6 Longcope, W Production of Experimental Nephritis by Repeated Proteid 
Intoxication, J Exper Med 17 679, 1913 

7 Thomas, W A , Schlegel, K W , and Andrews, Edmund Urinary 
Proteins Not Originating m Blood, Arch Int Med 41 445 (March) 1928 

8 Jacobson, VC A Case of Multiple Myelomata with Chronic Nephritis 
Showing Bence-Jones Protein m Urine and Blood Serum, J Urol 1 167, 1917 

9 Decastello, Alfred Beitrage zur Kenntniss der Bence-Joneschen Albumi- 
nurie, Ztschr f khn Med 67 319, 1909, Weitere Beobachtungen uber Bence- 
Jonesche Albummurie bei Leukamie, Wein Arch f mn Med 1 335, 1920 

10 Krauss, Erich Studien zur Bence-Joneschen Albummurie, Deutsches 
Arch f khn Med 137 257, 1921 

11 Taylor, A E , Miller, C W, and Sweet, J E Studies m Bence-Jones 
Proteinuria II, J Biol Chem 29 425, 1917 
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that if a sufficient quantity of Bence-Jones piotein is administeied it 
will pass tliiough the noimal kidney We also have obseived several 
cases of prolonged Bence-Jones pioteinuiia in which lenal disease 
could not be demonstiated even by close scrutiny In one instance, 
case 14, the Bence-Jones pioteinuiia appaiently had been present for 
thiee yeais D’Allocco and otheis have lepoited the piesence of Bence- 
Jones piotein in the blood, and have consideied it to be a renal iiiitant 
and so lesponsible foi the development of a type of nephiitis, which, 
however, did not show the clinical chaiacteiistics of tiue chronic 
inteistitial nephiitis Later writeis, such as Bewley,^- recognized the 
association, but they insisted even moi*e strongly that the condition is 
not true nephritis, lather it is to be asciibed to lenal nutation pioduced 
by the passage of Bence-Jones piotein thiough the kidney The 
interesting observations of Thannhausei and Kiauss already have 
been noted 

Kiauss also made lepeated injections of Bence-Jones protein 
intiavenously into four labbits and produced changes in the ladneys 
which he interpieted as nephrosis He emphasized the similaiity, both 
functionally and pathologicall} , between the kidneys in some of these 
labbits and the kidneys in the patient with Bence-Jones proteinuiia 
pieviously leported b} *Thannhauser and Krauss He expiessed the 
belief that the nephiosis is caused by a general toxic leaction as well 
as by excretion of laige amounts of this piotein substance thiough the 
kidney 

Peilzweig, Dehue and Geschicktei 4® in addition, repoited a case 
of multiple myeloma with maiked hypeipioteinemia, in which only 
tiaces of Bence-Jones piotein weie piesent in the seium 

Oui own obseivations on the seium pioteins and on the occurience 
of Bence-Jones protein in the blood in such cases and, as well, those 
leported in the hteiatuie aie summaiized in table 2 Hypeipiotein- 
emia IS not a constant chaiacteiistic, for it was piesent in only foui 
of the eleven leported cases in which the seium piotems weie deter- 
mined This hypeipioteinemia appaientl)'^ is due to increase m the 
euglobuhn Similai changes have been observed in immunization 
expel iments and in the pioduction of diphtheria antitoxin in hoises 
Peilzweig, Dehue and Geschicktei, theiefoie, consideied that the 
hypeipioteinemia in these cases may be inteipieted as a systemic 
1 espouse to proti acted intoxication with a foieign protein This 
question cannot be answered definitely without fuither knowledge 

12 Bewley, Geoffrey Bence-Jones Protenuina, Irish J M Sc, 1927, p 321 

13 Perlzweig, W A , Delrue, Georges, and Geschickter, Charles Hyper- 
proteinemia Assoaated with Multiple Mjelomas Report of an Unusual Case, 
J A M 90 755 (Maich 10) 1928 
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regal ding the souice and origin of the serum proteins, but in view of 
the extensive disturbance of the bone marrow that is assumed to be 
lesponsible for the formation of the Bence-Jones protein, a similar 
cause may well be postulated for disturbances in the character of the 
serum proteins 

Jacobson reported the presence of 7 86 per cent of Bence-Jones 
piotem in the blood serum We used this method m case 8 An 
abundant precipitate was obtained, but the Bence-Jones protein was 
contaminated by the presence of considerable amounts of globulin 
Attempts at further separation led to considerable loss Accurate 
separation of the Bence-Jones and serum proteins is not possible by 
the use of piesent day methods As a result, we believe that the various 
figures previously reported with regard to the amount of Bence-Jones 
protein in the blood are only approximate at best Howevei , qualitative 
studies showing its presence or absence are moie easily carried out 

Table 2 shows that Bence-Jones proteinuria frequently but not neces- 
sarily accompanies Bence-Jones proteinuria Bence-Jones proteinuria 
was present in fifteen and absent in five of the cases reported Some 
degree of renal insufficiency was present in most of the cases in which 
Bence-Jones protein was present in the blood Here again the relationship 
was not absolute, for there are cases not only of Bence-Jones proteinuria 
but also of pioteinemia without demonstrable renal insufficiency, and 
cases of renal insufficiency occurred in which the Bence-Jones protein 
could not be demonstrated m the blood 

It IS evident, theiefoie, that the study of the blood proteins, with 
especial reference to the presence oi absence of the Bence-Jones 
protein, has not served to establish a truly constant relationship between 
the changes in the latter and those in the kidneys 

SUMMARY 

The frequent association of lenal insufficiency and Bence-Jones 
proteinuria is emphasized The usual clinical pictuie is that of marked 
proteinuria, rather marked secondar}'^ anemia, nitrogen retention, 
delayed excretion of phenolsulphonphthalein, little or no edema and 
little 01 no hematuria, hypertension or retinitis This pictuie seems 
usually to be the result of destiuctive processes in the kidne}^ either 
tubular destruction with subsequent fibrosis or pyelonephritis Asso- 
ciated arteriosclerosis and hypertension may occur in some cases The 
occurrence of true glomerulonephritis is raie The urine should be 
examined for Bence-Jones proteinuiia in all patients piesenting the 
group of symptoms just mentioned and in all cases in which profound 
proteinuria exists, especially when associated with anemia In this 
way, many cases of Bence-Jones proteinuiia will be recognized which, 
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at the piesent time, aie being ovei looked This in turn will piovide 
more data for the study of the natuie of the lenal insufficiency 

The piesence of Bence-Jones piotein m the blood has been demon- 
strated in appi oximately 70 per cent of the cases in which examination, 
as suggested, has been leported Hypeiproteinemia is present in a 
smaller piopoition of cases Theie appaiently was no constant relation- 
ship between this condition and the presence or absence of demonstiable 
renal insufficiency 



RETICULOCYTOSIS PRODUCED BY LIVER EXTRACT 

TWO, THREE AKD TOUR HOUR INTERVAL OBSERVATIONS ' 
WILLIAM B PORTER, MD 

AND 

HAZELWOOD IRVING 

RICHMOND, VA 

Duiing the past year and a half Ave have studied the response of 
patients with pernicious anemia to an aqueous extract of liver This 
work has been conducted in conjunction with observeis in three other 
clinics, so that a comparison could be made with the response to whole 
liver and to othei liver extracts, to the end that an unbiased evaluation 
of Its clinical worth might be established The report of this work 
coAeis a study of foity-five patients with a macrocytic type of anemia^ 
From a study of these patients, we conclude that livei extract E 29- 
pioduces lesults in everj^ ivay similar to those which occur from the 
feeding of whole hvei, except that the response is more prompt and 
rapid because the effective mateiial from largei amounts of liver can be 
administered by this method 

Minot " and his co-woi kei s have established the fact that the most 
reliable criterion foi evaluating the potency of a liver fi action is the 
response of hyperplastic bone-marrow to the effective substance, as evi- 
denced by the numbei of reticulocytes appearing in the ciiculating blood 
They suggested that the numbei of newly formed erythiocytes letaining 
a reticulum stained with bi illiant cresvl blue i oughly indicates, on the one 
hand, the degiee of bone-man ow hypeiplasia, and on the othei, the effec- 

Submitted for publication. May 17, 1929 

' From the Department of Medicine, Medical College of Virginia 

1 Porter, William B , Willimas, J Powell , Forbes, J C , and Irving, H 
Aqueous Extract of Liver, Its Development and Use in the Treatment of Per- 
nicious Anemia, J A M A 93 176 (July 20) 1929 

2 Liver extract E 29 has been developed by the Department of Medicine and 
Biochemistrj of the Medical College of Virginia, m collaboration with the Val- 
entine Meat Juice Company, Richmond, Va 

3 Minot, G R , and Murphv, W P Treatment of Pernicious Anemia by a 
Special Diet, JAMA 87 470 (Aug 14) 1926 Cohn, E J , Minot, G R , 
Fulton, J E , Ulrichs H F , Sargent, F C , Weare, J H, and Murphy, W P 
The Nature of the Material in Liver Effective in Pernicious Anemia, J Biol 
Chem 74 69, 1927 Minot, G R , Cohn, E J , Murphy, W P , and Lawson, 
H A The Treatment of Pernicious Anemia with Liver Extract Effect upon 
the Production of Immature and Mature Red Blood Corpuscles, Am J M Sc 
175 599, 1928 Minot, G R , iMurphy, W P , and Stetson, R P The Response 
of the Reticulocytes to Liver Therapy Particularlj' in Pernicious Anemia, Am 
J M Sc 175 581, 1928 



PORTER-IRVING—RETICULOCYTOSIS 


503 


tive concentration of the substance pioducing erythrogenesis The 
same observers noted, however, that “when maximum amounts are taken 
daily the number of reticulocytes at the peak of their rise per gram 
of hvei fed is nowhere nearly as constant as when smaller amounts 
are fed ” They also noted variation m the magnitude of the leticulocyte 
response of different patients given the same amount of actne pimciple, 
e\en when they have the same eiythiocyte le\el They concluded that 
“this vai lability is probably to be attiibuted to the state of the bone 
marrow ” 

Using daily counts as a guide to bone-mairow i espouse, we earl} 
noted that there was a maiked variation in the percentage of reticulo- 



Chart 1 — Curve showing the percentage of reticulocytes at intervals of two 
hours following the administration of 30 cc of liver extract E 29, three times a 
day beginning November 21 The Minot-Murphy diet without liver was used 
The patient (case 1016), aged 66, had a hemoglobin of 35 per cent, an erythrocyte 
count of 1,360,000 and a leukocyte count of 3,200 

cytes released m different patients with the same degree of anemia and 
m whom the peicentage of inciease m hemoglobin and erythrocytes was 
consistent and practically identical This showed that while the material 
was manifestly potent there remained a paiadoxic reaction not subject 
to explanation, i e , a variable and at times a low percentage of reticu- 
locyte response but a rapid mciease in hemoglobin and erythiocytes, 
suggesting that the effective mateiial found in liver operates in a twofold 
manner The promotion of erythi ogenesis in flooding the cn dilation 
with immature red cells represents the primary effect , whereas the rapid 
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Chart 2 — Curve showing the percentage of reticulocytes at intervals of three 
hours following the administration of 30 cc of liver extract E 29 three times 
daily, beginning December 26 The Minot-Murphy diet without liver was used 
The patient (case 1013), aged 34, had a hemoglobin of 30 per cent, an erythrocyte 
count of 1,300,000 and a leukocyte count of 5,000 



Chart 3 — Curves showing the percentage of reticuloc 3 ftes at two intervals each 
daj^, Sam and 4 30 p m , following the administration of 30 cc of liver extract 
E 29, beginning December 22 The patient, aged 63, was given the Minot-Murphy 
diet without liver A denotes a m , P, p m , the solid line, hemoglobin, the 
broken line, red blood cells, and the light line, reticulocytes (Dr W S Middleton 
supplied the data for this chart ) 
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and complete development of i eticulocytes into mature led cells resulting 
fiom the maintenance in the ciiculatmg blood of a high concentration 
of the effectne material is the phase that might piove misleading m the 
reckoning of leticulocytosis 

Anticipating this possible souice of eiior, we studied a senes of 
patients with eiythrocyte counts of less than 1,500,000 per cubic milli- 
metei who weie given 30 cc of liver extract E 29 three times a day, this 
amount having pioved to be adequate to pioduce a prompt and maximum 
eiythiogenesis m peinicious anemia Counts weie made m group 1 at 
intervals of two hours, in group 2, at inteivals of three hours, while 
m gi oup 3, they wei e made only twice a day, at 8 a in and 4 30 p m 
Thiee i epi esentative curves are repioduced in charts 1, 2 and 3 

Among the many interesting phases suggested by these charts of 
bone-marrow physiolog}'' functioning undei the influence of the sub- 
stance supplied by feeding hvei, the rapid vaiiation in the percentage 
of reticulocytes in a few hours is most sti iking, and the occuirence of 
several peaks on different days is in contrast to previously reported 
studies on this phase of bone-mairow physiology Broadly speaking, the 
chaits repiesent not only the degiee of bone-mairow hypeiplasia, but 
also a play between the release of reticulocytes and the complete inatuia- 
tion of the reticulated erythrocytes in the cii dilation into adult red cells 
by the same effective substance concentiated in the blood plasma 

CONCLUSIONS 

These obseiwations suggest that if a hvei fraction is potent and 
IS administered in adequate amounts, the maximum number of reticulo- 
cytes in the circulating blood may be piesent foi a brief period The 
total number of reticulocytes released in a given case is dependent on 
the volume of hyperplastic bone-mairow, howevei, the percentage of 
reticulocytes may vaiy widely, dependent on the fiequency of observa- 
tions Obviously this is a factoi of majoi impoitance if one is to use the 
peicentage of reticulocytes as an index to potency and m establishing 
therapeutic dosage 
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Introduction 
Material Studied 
Bright’s Disease 
Analj'sis of Average Results 
M 3 'ocardial Insufficiency 
Hypertension 

Analysis of Individual Cases 
Acute Nephritis 

Effect of Hematuria 
Effect of Etiologic Factor 
Effect of Complications 
Chronic Diffuse Nephritis 

Effect of Infections (Granuloma) 

Effect of Albuminuria and Edema 
Hypertension with Varying Degrees of Renal Insufficiency 
Myocardial Insufficienc> 

Cerebral Lesions 

Color Index (Nature of the Anemia) 

Renal Insufficiency 
Myocardial Insufficiencj' 

Cerebral Lesions 

The Effect of Anemia on Kidne\ Function 
Conclusions 


INTRODUCTION 

The pioblem of anemia in nephritis has leceived compai atively little 
attention, though its clinical incidence is high This is in a measure due 
to the fact that the conception of nephiitis as a constitutional disease, not 
exclusively related to renal pathology and symptomatology, is only slowl) 
gaining clinical recognition The remarkable studies of Volhard and 
Fahi and other pathologists and phy&icians, while serving to elucidate 
many problems with regard to renal symptomatology and postmortem 
observations, have detracted fiom the broader view of nephiitis as a 
disease involving both renal and extiarenal factors In the classic lectuie 

* Submitted for publication, June 18, 1929 
From the Department of Medicine New York Post-Graduate Medical 
School and Hospital 
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of Theodore C Janeway/ given before the Haivey Society in 1913, the 
lemark was made that the thiee most important aspects of the problem 
of nephritis are edema, uremia and hypei tension To these Mosenthal - 
added a fourth factoi, renal insufficiency, and for some years it has 
been his piactice, in presenting nephiitis to postgraduate students, also 
to include anemia 

Much of the work on anemia m this disease, preceding 1913 and 
1915, IS contradictory chiefly because it is only since these years that 
tests foi kidney function have been available In 1922 and 1923, Brown 
and Roth “ concluded, from a study of 187 cases of chronic glomerular 
nephritis, that most patients with this condition weie subject to an anemia 
which was directly propoitional to the mciease of creatinine m the blood , 
they also called attention to the prognostic significance of their data 

It IS the object m this papei to show that anemia is associated with 
and closely parallels the degiee of impaiiment of renal function, that 
this relationship holds tiue foi renal insufficiency whatever its cause, 
that it applies whether the kidney lesion is acute oi chronic, glomeiular 
or diffuse, or a pi unary oi secondary contraction Ceitain modifications 
of the view pioposed in the preceding sentence must be made for those 
stages of impairment of kidney function associated with congestive 
myocardial insufficiency, and for the cerebial manifestations associated 
with hypertension But in these instances too, types of blood count aie 
found, distinctive of each, which so far from vitiating the effect of the 
geiieial conclusion, in fact seive as aids in estimating the relative iinpoi- 
tance of the kidney, heart and brain in the combination of signs and 
symptoms which make up the diffeient types and stages of “cai diovascu- 
lar renal” disease 

MATERIAL STUDIED 

The 300 cases comprised in this study weie taken fioni the medical 
histones recorded by Mosenthal on the seivice of the late Theodoie 
C Janeway, at the Johns Hopkins Hospital from 1914 to 1918, from 
private piactice and from the medical service at the New York Post- 
Graduate Medical School and Hospital This selection has the advantage 
of obviating the factor of individual technic in blood counting and lends 
value to the consistency of data obtained from various sources The red 
blood cell counts were made in the usual mannei The hemoglobin 
determinations were made by the Sahli method in about 75 per cent 

1 Janeway, T C Nephritic Hypertension (Harvey Lecture), Am J M 
Sc 145 625 (May) 1913 

2 Mosenthal, H O Metabolism in Nephritis , Endocrinology and Metabo- 
lism, New York, D Appleton &. Company, 1922, vol 4, p 312 

3 Brown, G E , and Roth, G M The Anemia of Chronic Nephritis, Arch 
Int Med 30 817 (Dec) 1922, The Prognostic Value of Anemia in Nephritis 
J A M 4 81 1948 (Dec 8) 1923 
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of the cases, and by the Dare hemoglobinometei m the remaining 25 
per cent These were checked occasionally by the chemical determination 
of the hemoglobin and by the Newcomer method 

Twenty-five cases of acute nephritis, 111 cases of chionic diffuse 
nephritis and 132 cases of hypei tension are presented Of these, sixty- 
eight cases showed cardiac decompensation, and in twelve cases of hypei - 
tension, cerebral lesions (and some impairment of kidney function) 
played the chief role m the clinical picture For purposes of comparison 
and control, there were added eighteen “pure” cardiac cases, five “sur- 
gical” cases, five of polycythemia and four with secondary anemia 

Foi the majority of cases information was obtained as to the hemo- 
globin, red blood cells, color index, urinalysis, two hour renal function 
test, urea nitrogen in the blood, phenolsulphonphthalem excietion and 
blood pressure In a few cases, in which the cii cumstances under which 
the patients weie studied did not permit of so complete an analysis, 
sufficient clinical, laboratory and postmortem data were obtained to 
justify the grouping of these cases as charted in the tables In many 
cases additional studies were made on the blood chemistry, Ambard’s 
constant, etc , which have been of aid m determining the classification 
employed in the tables given in this paper 

The criteria according to which these cases were grouped as to the 
degiee of impairment of renal function are based on the standards 
suggested by Mosenthal and Lewis,^ and classified as none, slight, mod- 
erate, marked or maximal 

An analysis of average results is given in table 1 
Blight’s Disease — In Blight’s disease, the seventy of the anemia 
and the degree of renal insufficiency lun a parallel course In the cases 
of acute nephritis, a distinct diminution of the hemoglobin and red cell 
figures parallels the increasing impaiiment of kidney function Thus, in 
the group of patients with little if any impairment, the hemoglobin 
averages 90 per cent and the red cells 4,887,000 as contrasted with 77 
per cent and 4,606,000 for the patients with moderate impairment and 
69 per cent and 3,869,000 for those with marked to maximal impairment 
The corresponding degrees of impaired renal function in chronic 
diffuse nephritis show similar degrees of anemia 87 per cent hemoglobin 
with 4,759,000 red cells in the cases exhibiting little if any renal insuffi- 
cienc}' 69 per cent and 4,083,000 in the group with moderate impairment 
and 54 per cent and 2,944,000 in those with marked or maximal renal 
insufficiency 

It IS significant that the renal insufficiency accompanying hyperten- 
sion (where infection plays no known part in connection with the renal 

4 Alosentlial, H 0 , and Lewis, D S A Comparative Study of Tests for 
Renal Function, J A M A 67 933 (Sept 23) 1916 



ASHE— HEMOGLOBIN IN BRIGHI’S DISEASE 


509 


lesion) IS associated with an anemia of Aaiying degiees \\hich, as in 
acute and chionic nephiitis, paiallels the extent of impaiiinent of kidne} 
function The aACiage figuies foi the h}pcitcnsne cases aie SS pei 
cent hemoglobin with 4,848,000 red cells ^^hen little if any impaiiment 
was found, 81 pei cent w’lth 4,763,000 led cells in the patients with 
model ate involvement and 65 pci cent wuth 3,775,000 led cells wdiai the 
kidne} s show'cd maikcd oi maximal insufficiency 

ANALYSIS OF AA ERAGF RESULTS 

fAULc 1 — Avciage Ilonoglohm, Red Blood Celh and Coloi Index tn Relation 

to Diagnosis and Rmal Fnnetion 
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The 1 elation of kidney function to anemia is home out b} a stud} 
of patients in wdiom lenal insufficiency follow^ed pol}C}Stic degeneration 
of the kidneys, oi nephiectoiny 

In one case of polyc}stic kidney, with model atcly impaiied lenal 
function, the anemia w^as coi i cspondingly slight, wuth 80 per cent hemo- 
globin and 4,256,000 led blood cells Tw'o cases wdiich exhibited maximal 
lenal insufficiency show^ed seveie anemia, wutli hemoglobin peicentages of 
44 and 55 and wuth ei}thiocyte counts of 2,728,000 and 3,900,000, 
lespcctivel} 

The patient m case 272, wuth one kidney icmovcd but wutli no impaii- 
ment of kidney function, showed a hemoglobin of SO pci cent on one 
occasion and 90 pei cent on another On the othci hand, in case 275, in 
wdiich lemoval of one kidne}Mvas follow'ed by maximal renal insufficienc\ , 
the anemia w^as marked, the hemoglobin being 45 and 56 pei cent and 
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the red cells numbering 2,500,000 and 3,882,000 on two counts taken at 
an mteival of some months 

These obseivations confirm the general statement previously made 
that the anemia paiallels the renal dysfunction no matter what the cause 
of the latter may be and varies m the clinical types of nephiitis only so 
far as these diseases differ m the frequency and degree to which they 
develop renal insufficiency This may explain the diversity of opinion 
embodied in the discussions of anemia in nephritis m texts written pnoi 
to the days of adequate tests for renal function It may be supposed 
that the authors who noted little if any anemia m chionic diffuse 
nephritis were probably dealing with cases m which the patients showed 
slight 01 no renal msufficienc}^ wheieas those reporting marked and 
severe anemia were presumably observing patients with marked and 
maximal impairment of function 

Myocai dial lusuffiacncy — Undei the heading of myocardial insuf- 
ficienc}^ m table 1 are shown the results in cases of cardiac decompensa- 
tion occurimg m patients with chronic diffuse nephritis and m cases of 
h}pertension These exhibited certain characteristics which distinguish 
them fiom cases in which there is no decompensation Analysis discloses 
that the hemoglobin is usually lelatively more decreased than are the 
1 ed cells In fact, the red cell count is but little or not at all diminished, 
even m cases with maximal renal insufficiency — a feature which is m 
striking contiast with the conditions already mentioned m uncomplicated 
nephritis The coloi indexes in these cases thus tend to be lowei than 
those occurimg m the cases of Bright’s disease 

The counts m the cases of myocardial insufficiency accompanying 
chionic diffuse nephiitis are as follows with no or slight impair- 
ment of renal function, the hemoglobin aveiaged 75 pei cent and the 
red cells 4 863,000 When the function was moderately impaired, the 
a\eiage hemoglobin was 84 per cent and the red cells 4,735,000, with 
marked and maximal renal insufficiency the hemoglobin averaged 72 
per cent and the red cells 4,393,000 

The statistics for myocardial insufficiency associated with hypei- 
tension are essentially the same as for the group just cited In other 
woids it would appear that myocardial insufficiency, like renal insuffi- 
ciency, presents certain chai acteristics independent of its cause When 
the “hypei tensive myocardial insufficiency” occurred with little if any 
renal insufficiency, the average figure for the hemoglobin percentage 
was 77, and for the red cells 4,881,000, patients with accompanying 
model ate lenal insufficiency have hemoglobin and red cell values of 80 
pel cent and 5,044,000, respectively At the stage of marked and 
maximal renal insufficiency the aveiage figure for hemoglobin is 72 
per cent and the led cells number 4,250,000 
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As a control, eighteen cases of heait disease, with decompensation 
not associated with nephritis of any type, were studied as to lenal 
function and blood count These cases manifested the same pecuhaiities 
as to a lelatively high numbei of red cells compaied to the peicentage 
of hemoglobin and the impairment of kidney function Here too, the 
coloi index was lo^\ as compaied with the cases of Bright’s disease 

An anomalous observation presents itself in that the blood counts in 
the cases of myocardial insufficiency associated with model ate lenal 
insufficiency are higher than the counts in cases associated with noimal 
kidney function oi slight impaiiment At present, onl}/ the following 
conjectures may be put foith in attempted explanation These weie 
patients in whom heait disease of the congestive type with decompensa- 
tion was noted duimg the couise of diffuse nephiitis and primary 
coiiti action of varying degrees of seventy It must be borne in mind, 
however, that the chionic passive congestion which these patients 
show, and which can he detected by the two houi test foi lenal function 
(Mosenthal "'), is itself a factor in pioducmg at least pait of the lenal 
insufficiency This was borne out by the impaiied lenal function 
demonstiated in the “puie” cardiac cases used as controls An inci eased 
congestion would logically cause moie impaiiment of kidney function 
than the lessei degree of stasis That the cases of congestive cardiac 
failuie with maximal lenal insufficiency have the lowest hemoglobin and 
led cells might he inteipieted as indicating that at this stage the anemia 
consequent on the maiked lenal lesion plays a gieatei pait in the 
picture To appioach the matter fioiii another angle, it would seem 
that the congestive heart failure disguises a tiue anemia which would, in 
the absence of the peiipheral stasis (which accounts foi the high blood 
count), parallel the kidney function impairment as it does in uncompli- 
cated Blight’s disease When the renal insufficiency is extieme, the 
congestion cannot affect the marked anemia to nearly so gieat an 
extent as it does when kidney function is model ately or slightly 
impaiied 

This IS illustrated by case 286, m which theie was chionic passive 
congestion, but death occurred fiom uremia The blood count was 39 
pel cent of hemoglobin with 2,160,000 led cells and a coloi index of 0 92 

The failure of anemia to paiallel the degree of renal dysfunction 
points to myocaidial insufficiency as a cause of the impaired kidney 
function, the edema, the albuminuria, etc It is pi ecisely in the congestive 
type of myocardial insufficiency that impaired renal function is most 

5 Mosenthal, H 0 Renal Function as Measured by the Elimination of 
Fluids, Salt and Nitrogen and the Specific Gravity of the Urine, Arch Int Med 
16 733 (Nov ) 1915 
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prone to ensue, as Stewart and McIntosh ® of the Rockefellei Institute 
have shown in their recent study of kidney function in patients with 
chronic cardiac diseases 

Hypei tension — The cases of h 3 ^pei tension show three types of 
blood count, depending on whether impairment of renal function, myo- 
cardial insufficiency or ceiebral involvement predominates It is geneially 
appreciated that the kidney, the heart and the brain aie the principal, if 
not the sole important, sites for secondaiy involvement in essential 
hypertension ( J aneway ) 

The healing of the blood count in hypertension with respect to lenal 
insufficiency and to myocardial insufficiency has been previously dis- 
cussed It has been demonstrated that these conditions of functional 
impairment, secondaiy to a persistently elevated blood pressure, induce 
changes in the blood count identical with those resulting from renal or 
mi'ocardial insufficiency of any origin 

When the cases of h 3 ^pertension aie tabulated according to the degree 
111 which the 3 '^ exhibit impaii ed renal function, a group of cases is found 
with high noimal or polycythemic blood counts though some of the 
patients have moderate, and in one case, marked renal insufficiency On 
closer study, the interesting fact is revealed that these patients have a 
common diagnosis, i e , some manifestations of cerebral disease, as foi 
example hemiplegia and focal occlusion of cerebral blood vessels Table 
1 gives the data with respect to such cases with little if any lenal 
insufficiency the average hemoglobin was 91 per cent and the red cells 
5,179,000, with moderate and marked impairment of kidney function a 
hemoglobin average of 96 per cent and a red cell count of 5,392,000 are 
lecorded Heie, as in the cases of myocardial insufficienc 3 % it appears 
anomalous that the higher blood count should be found m the cases 
with lower kidney function The same principle applies, however, since 
the pol 3 'C 3 themia causes some renal impairment it is natural to expect 
that the more marked the polycythemia, the more damage will be done 
to the kidney At an 3 " rate, here again, an inconsistency between the 
state of kidne 3 ^ function and anemia is a means whereby, m some cases, a 
clue to diagnosis is obtained pointing to an organ other than the kidney 
as the chief cause of the symptomatology 

The importance of this relationship m estimating whether the patient 
IS comatose from cerebral damage or from uremia, and its prognostic 
value in less advanced cases, is apparent Lamson ® stated that the urine 

6 Stewart, J H , and McIntosh, J F The Function of the Kidneys m 
Patients Suffering from Chronic Cardiac Disease Without Sighs of Heart Failure, 
J Clin Investigation 6 325 (Oct 20) 1928 

7 Janewaj", T C A Clinical Study of Hypertensive Cardiovascular Dis- 
ease, Arch Int Med 12 755 (Dec ) 1913 

8 Lamson, P D Polycythemia, in Nelson Loose Leaf Medicine, New 
York, Thomas Nelson & Sons, 1920, vol 4, p 92 
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in pol}cythemia may contain a tiace of albumin Gaisbock and Hess 
and Eppingei, quoted by Lamson® and Piney ® demonstiated that these 
cases usually show signs of kidney distuibance, although in some this 
may be slight Albummuiia and nephiitis of slight degiee aie common 
The blood piessuie is often raised Gulland and GoodalH® mentioned 
the inci eased blood piessuie m polycythemia and, like Eppmgei, pointed 
out that this IS appaiently most maiked in the cases showing no enlarge- 
ment of the spleen clinically The tiiiiie is usually abundant and may be 
deal, but often contains albumin and casts 

These quotations fiom the hteiatuie, as well as the fact that in the 
senes now being lepoited the cases (except contiols added foi compai- 
ison) aie chosen fiom a gioup studied foi lenal function because 
of some indications pointing to the kidney, show how the pioblem of 
diffeiential diagnosis may aiise and wheiein the blood count may be of 
value That the classification of these patients into a so-called “hi am” 
gioup is justifiable may be gatheied fiom the lesions diagnosed m these 
cases, as given m tables 7 to 11, and fiom the following citations fiom 
the hteiatuie Gulland and GoodalH® stated that “These cases show 
cyanosis, thiombosis, hemoiihage oi othei local circulatoiy dis- 
01 del s The end is usually associated with an exaceibation of 

cyanosis oi a vasculai hi am lesion or an inteicuiient affection” Gais- 
bock, quoted by Piney,^ stated that apoplexy occui s with gi eat f i equenc} 
in this foim of polycythemia (i e, associated with hypei tension and no 
enlaigement of the spleen), while it is raie in the usual type He 
lecoided that the disease may develop in peisons who had pieviously 
had an apoplectic seizuie 

This is the attitude taken by Piney,® Eppmgei and othei s 

The particular form of erythremia described by Gaisbock deserves separate 
description, although many writers arc not at all satisfied that it must be put m a 
special sub-group Eppmger suggests that the so-called “poly- 

cythemia hypertomca” represents the effects of erythremia m persons with renal 
artenoscleiosis The absence of notable splenic enlargement can scarcely be 
regarded as a definite differential feature because both Senator and Stern have 
described oidinary cases of erythremia m which splenic enlargement was found 
only at autopsy 

In Kochei’s^^ analysis of the four stages of inci eased nitiaciamal 
piessuie expel imentally pioduced, cyanosis figuies prominently as part 
of the pictuie m the second and thud stages 

9 Piney, A Recent Advances in Hematology, Philadelphia, P Blakiston’s 
Son S. Company, 1927 

10 Gulland, G L , and Goodall, A The Blood, New York, E B Treat & 
Company, 1922 

11 Kocher’s Experiments, described m “Surgery of the Brain,” Harvev Cush- 
ing, Keen’s Surgery, Philadelphia, W B Saunders Company, 1919, vol 3, p 195 
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ANALYSIS 01 INDIVIDUAL CASES 

Acute Neplvitis — Twenty-five cases of acute nephntis are analyzed 
in table 2 The general rule holds true that the blood count is reduced as 
kidney damage develops 

Certain exceptions occur which might propel ly have been omitted 
from the material studied, but it was felt that a more i epresentative 
picture of all the factors influencing anemia would be obtained if no 
exclusions were made 


Table 2 — Acute Ncphutis” 
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* In uncomplicated cases, the anemia parallels the extent of impairment of renal function 
Cases 1 to 5 no imp iirment of lenal function, cases 0 to 10 slight, cases 11 to 15 moderate, 
c ises 10 to 22 marlvcd and cases 23 to 25 maximal impairment of function 


Eftect of Hematuria The patient in case 297 (table 2), a girl, aged 
14, showed a hemoglobin of 50 per cent and a red cell count of 
2,850,000, although the renal function was normal Maiked macro- 
scopic hematuria was manifest This had no effect on the kidney func- 
tion as tests showed, and must be given the same significance as 
hemoirhage from any source as a cause of the anemia A leview of the 
other cases m this table, as well as in tables 3 to 6 and 7 to 11, reveals 
the fact that the micioscopic hematurias beai no constant relationship to 
the anemia Although, for obvious reasons, the repeated losses of blood 
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may be a factor, equally seveie giades of anemia occur m the cases that 
show no hematuria 

Effect of Etiologic Factor Another disturbing element is that anemia 
in acute nephritis may be caused by the disease of which the nephritis is 
a result, for example, scarlet fever, stieptococcus infection or mahgnani 
endocarditis This factor must be carefully ruled out in interpreting the 
relation of anemia and kidney function , on the other hand, the presence 
of a moderate or marked anemia, though lenal function is normal, might 
well seive to call attention to the existence of accompanying disease 
Effect of Complications With respect to complications, the same 
point may be made Thus, the patient in case 56 (table 2) showed a 
marked anemia (hemoglobin 66 per cent, red cells 3,772,000) although 
the kidney function was only slightly impaired This is explained by 
the fact that the patient, a woman, aged 28, had an accompanying 
respiratory infection In cases of this kind the physical signs 
and the presence of a leukocytosis may give clues as to the true nature 
of the anemia 

Chiomc Diffuse Nepliutis — The data for 111 patients with chronic 
diffuse nephritis are presented in tables 3, 4, 5 and 6 

In each group a number of cases occurred m which there were signs 
of cardiac insufficiency These are indicated in each of the tables with 
a brief description of the condition 

When congestion does not mask the anemia, it will be noted that the 
blood count parallels the degiee of impairment of renal function Most 
of the hemoglobin values range from 80 to 90 per cent with red cells 
from 4,250,000 to 5,500,000 when there was little or no impairment of 
kidney function (table 3), whereas the range was fiom 60 to 70 per 
cent with many red cell counts of appi oximately 3,500,000 when mod- 
erate renal insufficiency was present (table 4) When marked and 
maximal renal insufficiency supervened (tables 5 and 6), figiues of 
50 pel cent, 40 per cent and 35 per cent for the hemoglobin are met 
with frequently and in fact dominate the picture Accompanying these 
hemoglobin values are red cell figures which show counts of 3,000,000 
and 2,500,000 

Some of the exceptions to the general trend illustrate interesting 
points which must be ruled out before intei preting anemia in terms of 
renal function m chronic diffuse nephritis 

Case 123 (table 3) is that of a woman, aged 38, m whom anemia 
was noted during the course of pregnancy The led cells were much 
more reduced than was the hemoglobin, the color index was 111, and the 
question may be raised as to whether this was properly a case of chronic 
diffuse nephritis The kidney function was normal The anemia may 
represent the pernicious type of blood dyscrasia accompanying pregnancy 
and 111 no wise a subject for comparison with any renal disease 
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Case 6 (table 3) is one of nephrosis in a man, aged 20, who had 
recent!} been markedly edematous, though with the elimination of edema 
the renal function, at the time that the blood count was taken, was only 
slightly involved It is reasonable to suppose that the hemoglobin of 
65 pel cent and the red cell count of 3,650,000 were the i eflection of the 
more serious impairment of kidney function recently piesent Adams 
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0 

-4- 

210/115 

-1- 

Oliguria, pleural 
effusion 

27 

253 

69 

4 344 

0 79 

L + + + 

Occ 

0 

180/110 


Dilated aorta 

28 

245 

80 

5 536 

0 72 

+ + + + 

Many 

0 

169/ 98 

0 

Cardiac decompen- 
sation 

29 

34 

78 

4 320 

090 

+ + -f-4- 

-4-4- 

-4- 

174/ 93 

+ 

Pleural effusion 

SO 

95 

65 

4 896 

0 67 

-4-4-1- -4- 

0 

-4- 

183/112 

-4- 

Heart enlarged to 
right 


Corresponding to the good hidnej function, tlio blood counts are ciscntnllj normal 
Items 22 to 30, inclusne, presented congestive nijocardml fiilure 


and Brown showed that the anemia is apt to peisist, at least for a time, 
when renal function improves after marked impaiiment 

Cases 262, 33 and 40 (table 4) are grouped undei the head of 
chronic diftuse nephritis with moderate impaiiment of kidney function 
It IS noteworthy that in each of these cases the red cells weie unduly 
increased as compared to the hemoglobin, and, correspondingly, each of 

12 Adams, S F, and Brown, G E The Blood in Cases of Hj pertension^ 
\nn Clin Med 4 463 (Dec ) 1925 



Table A—Chiomc Diffuse Nephntis (Modeiate hnpaumcnt of Renal Funehon) 




Blood Count 








f 

Hemo 

Red 



Unne 






glohin. Cells, 
Case ner Mil 

Color 

Alhu- 

Red Blood 

\ 

Blood 



No 

Ro 

Cent 

lions 

Index 

min 

Cells 

Casts 

Pressure 

Pdema 

Comment 

1 

262 

80 

5181 

0 78 

H — h"l — h 

0 

4* 

157/105 

4 

Slight cjanosis 

2 

234 

73 

3 920 

0 03 

-n- 

4* 

++ 

158/ 82 

44- 


3 

235 

70 

4 984 

07 

-H-f+ 

Oee 

4 — h 

162/116 

4- 


4 

251 

62 

3 600 

086 


++ 

++ 

142/ 90 

4 


5 

1 

76 

3 776 

1 02 

Trace 

0 

-1- 

140/100 



G 

12 

75 

3 864 

098 

Trace 

+ 

+ 

200/110 

4 


7 

SO 

55 

3 060 

091 


-1- 

+ 

140/ S5 

444 

Oliguria 

8 

31 

65 

4 832 

0 67 


0 

+ 

130/ 77 

-f 

Tuberculous ostec 











myelitis 

9 

33 

63 

4 384 

0 73 


Hew 

+ 

150/ 98 

44 

Slight cyanosis 

10 

38 


3 832 

0 85 

0 

0 

0 

130/ 80 


Bichloride poisoning 

■tl 

40 

63 

6 OOO 

0 68 

+ 

0 

4- 

170/130 


Passive congestion 

i2 

43 

76 

4 460 

086 


0 

0 

18«/125 

+ 


13 

60 

75 

4 280 

089 

V f t 

0 

-1- 

115/ 05 



14 

6S 

70 

4 840 

072 

++-f- 

+ + 

-f 

115/ 95 

-1- 


15 

76 

78 

4 040 

097 

+ + -h 

0 

4- 

175/115 



16 

71 

62 

3 232 

0 96 

Trace 

0 

-1- 

105/ 70 

0 

Duodenal ulcer 

17 

77 

67 

3 824 

088 

++ 

0 

4* 

150/ 85 

4 

Cystitis, prostatitis 

IS 

23 

73 

3 952 

0 93 


6 


120/ 80 

+++ 

Eliminating edema 

19 

211 

65 

3 208 

101 

+ + + 

4* 

-f 

185/110 

-f-t-f 


20 

131 

72 

3 792 

09 

+ + 

Few 

+ 

200/140 


Wasseimann +, 











recent edema 

21 

257 

66 

3 693 

0 91 


-i-f-1- 

-1-1- 

144/ 94 

44 


22 

270 

76 






210/150 


Left hemiplegia 

23 

SO 

76 



+ 

0 

Oee 

165/105 

-1- 


24 

8 

95 

4 480 

1 01 

+ + 

0 

-f 

155/107 


Recent edema. 











flbnllation 

25 

9 

78 

3 952 

1 00 


0 

+ 

145/ 85 


Dyspnea, cyanosis. 











enlarged heart 

2G 

36 

81 

3 944 

103 


1-4' 4" 

+ 

ISO/llS 

444 

Pleural effusion 

27 

2 

92 

5 264 

OSS 

+4* 

0 


148/120 


Myocardial msuffi 











cicncy, enlarged 











liver 

28 

207 

SO 

4 472 

09 

+ 



135/ — 


Ascites, fihnllation 

29 

240 

93 

5 728 

08 


-1- 

-1- 

258/138 


Dilated aorta 

30 

256 

70 

5 224 

0 73 

-f-f 

0 

Oee 

152/ 94 

0 

Recent rheumatic 

31 

so 

76 



-1- 

0 

Oee 

165/105 

-(- 

Slight myocardial 











insufflciencj 

32 

239 

78 

5 088 

0 78 

Trace 

0 

0 

08/ 65 

-f- 

Emphj sema , bron 











chiectasis 

33 

75 

90 

4 464 

102 

Tiace 

0 

-f 

126/ 90 


Kmphjsema 


* Moderate degree of anemia Items 24 to 33, inelusive, presented eyidenee of congestive 
mjocardial failure 


Table 5 — Chiome Diffuse Nephiitis (Maiked Impaument of Renal Funehon') * 


Blood Count 

, « , 

Hemo Red Urmo 

globin, Cells, , -* — 



Case 

per 

Mil- 

Color 

Albu- 

Red Blood 


Blood 



Ro 

Ro 

Cent 

lions 

Index 

min 

Cells 

Casts 

Pressure 

Edema 

Comment 

1 

290 

75 

4 288 

0 89 

-1-1- -1-f 

-4 

+-I. 

152/ 88 

-4 


2 

28 

72 

3 920 

0 92 

-f-f'-i'-l- 

0 

-4 

185/125 


Recently edematous 

3 

72 

72 

3 008 

12 


-4 

-4 

132/ 84 


4 

41 

35 

2 440 

0 72 

Traee 

-4 

-4 

175/100 

-4 

Pulmonary tuber 
culosis 

Enlarged heart 

5 

11 

50 

3 088 

0 83 

-f-h-1- 

0 

-4 

200/140 


6 

73 

91 

5 272 

087 

Trace 

-4 

-4 

160/110 


Doubtful if ne- 


79 

70 







phntis, pyelitis 

7 



4 

-4 

-4 

115/ 95 

-4 

Sepsis, pjuria 

8 

293 

78 

5 728 

0 63 

Trace 

0 

0 

180/124 


Heart and liver 


271 

70 







enlarged 

9 

4 288 

0 83 

-f -1-1-1- 

Oee 

-4-4 

268/138 

-4-4-4 

“Poor myocar- 


74 


4 081 






dium”, liver 
enlarged 


10 

90 

11 

-4 

0 

0 

180/120 

-4 

Hydrothorax, myo 


cardial msulficieney 


* Cases 293, 271 and 74 showed congestive myoeardial failure In this and the suc- 
ceeding table ineieasingly severe anemia occurs mth the marked and maximal impairment of 
kidney function 
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these cases showed some cyanosis oi congestion This factoi was 
discussed undei myocardial insufficienc} 

With respect to case 71 (table 4), a complicating factor was a 
duodenal ulcer which may have had some influence in producing the 
anemia 


Table 6 — Cluonic Diffuse Ncpluihs (Maximal Impaumcnt of Renal Function) 




Blood Count 








Hemo 

Red 

' 


Urine 






<T 

lobm, Cells, 



J. 

^ 





Cose 

per 

Mil 

Color 

Albu- 

Bed Blood 


Blood 



No 

No 

Cent 

lions 

Inde\ 

mm 

Cells 

Casts 

tressure 

Edema 

Comment 

1 

231 

15 

2 816 

098 

+4- + -H 

44 

+ 

198/128 

0 


2 

232 

21 

1260 

084 


0 

+ 

224/140 

0 

Uremia 

3 

238 

61 

socn 

1 01 

++++ 

0 

Few 

208/126 


Heart and liver 











enlarged 

4 

240 

47 

2 4S8 

0 98 

++++ 

Oce 

+ 

178/110 

+ + 


5 

242 

50 

4100 

06 

++++ 

Few 

+ + 

206/122 

0 


6 

261 

53 

2 512 

110 

++++ 

0 

+ 

178/118 

+ and 0 


7 

276 

60 

3 290 

09 

Trace 



140/108 


Uremia 

8 

280 

42 

2 640 

08 

4- + 4* + 

+ 

+ 

222/126 


Uremic signs 

9 

285 

37 

2100 

088 

+ 

0 

+ 

130/ 90 


Uremic signs 

10 

295 

40 

2176 

0 98 

+ 4*4' 

+ and 0 

+ + 

115/ 80 

44 

Oliguna, uremia 

11 

300 

49 

2 760 

09 

++++ 

+ 

+ 

192/118 

+ 

Uremia 

12 

IS 

40 

3 680 

0 55 

4- "j- 4* 4- 

0 

+ 

185/125 


Uremia 

13 

20 

61 

3 336 

0 92 

4 . -^4- 4 . 

0 

+ 

160/ 90 


Wassermann 4 - 

14 

25 

72 

4 470 

081 

4 . 4 . 4 . 4 - 

0 

+ 

235/135 


Toxic uremia later 











retention uremia 

15 

27 

52 

3168 

0 83 

++ 

0 

4 

220/150 



10 

39 

33 

2 808 

0 58 

4-4* 

+ 

+ 

160/100 



17 

44 

65 

2 300 

1 41 

++ 

0 

+ 

210/110 



18 

83 


2 880 


-f 4 . 4 . 4 . 

0 

0 

232/164 

0 


19 

15 

60 

3176 

096 

++++ 

0 

+ 

260/160 

+ 


20 

16 

47 

2 632 

090 

++++ 

0 

+ 

240/156 

+ 


21 

17 

35 

1944 

092 

++++ 

0 

0 

202/150 



22 

264 

15 

2 984 

0 77 

Trace 

0 

Occ 

210/128 



23 

278 

51 

3 232 

0 79 

+ + + 

Few 

+ + 

215/148 



2 t 

24 

60 

3160 

0 96 

+ +++ 

Rare 

+ 

210/110 



21 

14 

70 

3 200 

109 

+++ + 

+ + 

+ + 

153/100 

+ + 

Some cjanosis 

26 

26 

67 

2568 

134 

4444 

0 

+ 




27 

29 

48 

2 896 

0 85 

+++ + 

+ + + 


280/150 

++ + 

Aortic insufficiency 

28 

67 

55 

3 304 

0 83 

+++ 

+ and 0 

++ 

120/ 50 

+ 


29 

84 

45 

2 704 

08 

+ 4-4-4- 

0 

+ 

223/147 


Slight passu c con 

30 

86 

60 

3 290 

0 93 

+++ 

0 

Occ 

175/115 


Secondary anemia 











destruction o£ red 











blood cells 

31 

82 

87 



Trace 

0 

Occ 

180/130 

0 

Feritonitis 

32 

107 

50 

3 000 

083 

+ + + 

+ 

+ 

194/118 


Uremia 

33 

281 

39 

2 080 

09 




146/ 88 

0 


34 

238 

78 

4 480 

088 

4444 

0 

Occ 

205/155 

+ 

Mitral msufflciencj 

31 

45 

80 

3 936 

1 02 

4 4 

0 

+ 

250/170 


Liver at umbilicus 

SO 

85 

60 

4980 

0 61 

Trace 



206/148 

+ + + 

Myocardial msuffl 











cienc^ 

S7 

286 

39 

2160 

092 

+++ 



186/120 


Retention uremia. 











chronic passive 











congestion 

38 

284 

OS 

4 880 

07 

+ + + + 

+ 

Many 

194/114 


Mitral insufflcienca 


Case 73 (table 5) exhibited a hemoglobin of 91 per cent with a 
led cell count of 5,272,000, though the kidney function was “severely” 
impaired This was a case of pyelitis bearing a notation “doubtful if 
nephritis,” and the functional involvement of the kidney may have been 
too recent or too temporar)’- to influence the blood count 

In table 6, the one noteworthy exception to the severe anemia which 
most of these cases with maximal renal insufficiency show is case 82, in 
wdnch the patient was a man aged 51, wdio died of peritonitis The 
hemoglobin leading was 87 pei cent The kidneys showed cloudy 
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swelling at autopsy Theie weie ceiebial artenoscleiosis, hemiplegia and 
“a combination foim of nephritis” The kidney function had shown 
maximal impaiiment, yet the patient had appaiently not died of renal 
insufficiency but of peritonitis It was difficult to judge the duiation 
of the kidney insufficiency Piesumahly, if the condition of the kidney 
had been allowed to piogiess to conti action (lathei than cloudy swell- 
ing), the anemia would have become manifest Again, the cerebral 
artei losclerosis and the hemiplegia indicate the possibility of the cerebral 
lesion having affected the blood count to induce a relatively high 
hemoglobin 

Effect of Infections (Gianuloma) — Tiansf vision, a piolonged low 
protein diet oi other foims of theiapy may temporal il} obscure the lela- 
tionship between anemia and kidney function The role of infection in 
accounting for part or all of the anemia must be luled out in these cases 
of chronic diffuse nephiitis as elsewheie Here, however, the type of 
infection is apt to be different from that seen in the acute form of 
nephritis, being more obscure and more chronic For example, m the 
nephiotic stages included in this group, tuberculosis, syphilis, pneumo- 
coccus peiitonitis and othei conditions must be reckoned with The 
following instances may be cited fiom the cases tabulated under chionic 
diffuse nephiitis cases 131, 19, 20, syphilis, case 31, tubeiculous osteo- 
myelitis and case 41, pulnionai} tuberculosis, case 5, nephrosis and 
healed pulmonaiy tubeiculosis 

Myxedema, with its anemia and edema, must be distinguished from 
chionic nephritis oi nephrosis befoie any comparisons are attempted 
between the blood count and the kidney function 

The practice of subjecting many nephritic and hypertensive patients 
to prolonged periods of curtailment of protein intake introduces an 
additional etiologic factoi for the anemia that must be excluded in 
some cases 

Effect of Albuminuria and Edema The effect of albuminuria and 
of edema is of great impoitance in all cases of renal insufficiency and 
anemia While albuminuria may, over a long peiiod of time, be a factoi 
in inducing anemia in some cases, m othei s, with no albummuiia or 
edema, there is equally severe anemia In the hypei tensive group with 
primal y contacted kidney, although albuminuria and edema are absent 
oi only slightly in evidence as compared to the group of cases of chronic 
diffuse nephiitis, the anemia is as severe in the former as in the latter 
when renal insufficiency exists 

Ewmg,^^ in desciibing chionic exudative (paienchymatous) 
nephritis, stated that the cases with albuminuria and edema show a 
marked anemia, but that this is subject to great variation 

13 Ewing, J Clinical Pathology of the Blood, Philadelphia and New York, 
Lea Bros &. Company, 1903 
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Hypei tension with Vaiying Degrees of Renal Insufficiency - — One 
hundred and thirty-two cases of hypertension are reviewed in tables 
7 to 11 inclusive and are ai ranged in the order of the severity of the 
kidney damage As was stated in the anatysis of average results, a 
number of patients were found in whom congestive myocardial failure 
01 cerebral lesions dominated the kidney symptoms These are included 
in each table and classified according to the degree of renal insufficiency 


Table 7 — Hypotension (No Impattmenf of Renal Function) ' 




Blood Count 








Hemo 

Red 



Urine 






















Blood 




Case per 

Mil- 

Color 

Albu- 

Red Blood 




No 

No 

Cent 

lions 

Index 

mm 

Cells 

Casts 

Pressure 

Edema 

Comment 

1 

253 

92 

5928 

08 

-f-i-f-i- 

0 

0 

164/120 

0 


2 

102 

90 

4 824 

0 93 

Trace 

Few 

Occ 

180/135 


Irregular fluid out 
put 

3 

106 

100 



Trace 

0 

+ 

200/125 

0 

i 

114 

90 

4 912 

09 

SI tr 

0 

0 

IGo/ 95 

0 

Normal except poly- 











una 

5 

121 

100 

5 220 

0 96 

Tiace 

0 

Occ 

240/120 



G 

155 

100 



Trace 

0 

Occ 

220/115 

0 

Polyuria, otherwise 











normal 

7 

157 

75 

4 728 

0 79 

+ 4- 

0 

Occ 

250/162 

0 

Syphilis 

8 

162 

91 

4664 

0 98 

+ 

0 

*+“ 

210/140 


9 

163 

88 

4 980 

0 89 

Trace 

0 

Occ 

210/150 



10 

171 

100 

5 072 

10 

V f t 

0 

0 

230/135 



11 

173 

87 

4 408 

0 98 

Trace 

Few 

0 

200/110 

145/100 


Slight passive con 
gestion 

12 

185 

90 

4 763 

0 95 

-1- 

0 

Occ 



13 

192 

85 

4 60S 

0 92 

4“ 

0 

Occ 

260/160 



14 

225 

95 



++ 

0 

Occ 

210/120 

Recent 

Normal except low 









ISO/ 75 


night specific grav 

15 

218 

90 

4 516 

10 

-1-++ 

0 

-f 

++ 

Normal except slight 











nocturnal polyuiia 

IG 

21G 

93 

4 416 

107 

Trace 

0 

Occ 

220/140 


Slight nocturnal 
polyuria 

Ohguna, otherwise 

17 

208 

98 

5 040 

098 

Ft tr 

0 

Occ 

200/130 











normal 

IS 

2S8 

84 

5 024 

084 

0 

0 

0 

20S/121 


Enlarged heart 
preponderance 1 v 

19 

174 

84 

6 672 

0 63 

Trace 

0 

Occ 

260/150 


Congestion, cn 
larged liver 

20 

198 

70 

4160 

0 85 

Trace 

0 

Rare 

170/110 

+ 

Passive congestion, 
myocardial insufii 
ciency 

Heart to axillary 

21 

197 

GO 

5 000 

0 60 

-f 

Few 

-1- 

193/ 70 











line, enlarged liver 

22 

130 

78 

5 624 

0 69 

-f 

0 

0 

180/120 


Mvocardial insuffi 











ciencj 

23 

ICO 

90 

5 614 

08 

0 

0 

0 

224/155 

0 

Microcephalus 

24 

168 

91 

6 006 

0 75 

-1- 

0 

Occ 

220/135 


Cerebral arterio 










sclerosis, cjanosis, 
slurs' words 



* Tlie uncomplicated cases show essentially normal blood counts Items IS to 22 are 
“cardiac” and items 23 and 24 are "brain” cases 


In the hypertensive group as elsewhere, the anemia parallels the 
extent of involvement of kidney function in the vast majority of cases 
Among the seventeen cases with no impairment (table 7), the hemoglobin 
was 90 per cent or over and the red cells 4,400,000 and more in thirteen 
cases When the cases with slight renal insufficiency are examined 
(table 8), the hemoglobin and red cells are also found to be high in the 
majority An increasingly laiger numbei of cases with hemoglobin of 
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70 plus pel cent begin to appeal when model ate renal insufficiency has 
ensued (table 9), and in the cases with marked and maximal insufficienc} 
(tables 10 and 11) hemoglobin values of 65 per cent, 55 per cent and 
45 per cent, with led cell counts of fiom 2,500,000 to 3,250,000 dominate 
the pictuie 

Tahle 8 — Hypotension {Slight Impaiiment of Renal Function) '' 


Blood Count 

A 


Homo- Rod Unno 

rvIr^'Htn nolle - , .A. , 



frlobin, Cells, 


r 

i 


Blood 




Case 

per 

Mil- 

Color 

Albu 

Red Blood 




No 

No 

Cent 

hous 

Inde\ 

mm 

Cells 

Casts 

Pi assure 

Edema 

Comment 

1 

139 

92 

5 752 

08 

0 

0 

Rare 

168/112 

0 


2 

101 

96 

4 484 

109 

Trace 

0 

Oec 

220/175 


Pleural effusion 

3 

115 

85 

1984 

0 80 

-t- 

0 

Rare 

175/ 90 


Slight hyposthenuria 

4 

120 

85 

4 800 

088 

( + 

Catheter 

Rare 

180/100 


5 

124 

91 

4 520 

101 

± 

0 

Rare 

155/100 

0 

Syphilis aortic 











msufflciency 

6 

125 

82 

5 260 

0 78 

-1-+-1-+ 

Pew 

+ 

245/155 

0 

Syphilis 

7 

127 

92 

5 231 

OSS 

-1- 

0 

■f 

258/120 

-1- 

Enlarged liver, in\o 
cardial msufflciency 

S 

128 

SO 

4 640 

0 80 

0 

0 

0 

200/100 



0 

129 

70 

4 OSS 

0 76 

Trace 

0 

Occ 

168/105 


Amyotrophic lat- 











oial scleiosis 

10 

146 

93 

5164 

0 91 

-f-f-l-)- 

0 

+ 

220/175 

-f 

Nonprotein nitro 











gen 28 

11 

154 

SO 



Pt tr 

0 

-h 

192/124 

0 


12 

158 

SO 

4 7CS 

0 85 

0 

0 

0 

144/ 92 

0 


13 

177 

75 

5 310 

0 70 

-t- 

0 

+ 

250/160 


Cardiac hyper 










trophy 

14 

186 

S3 

4 608 

090 

Pt tr 

0 


180/110 

0 

Oliguria 

15 

194 

88 

4 312 

102 

+ -I--1-+ 

0 


210/160 


Oliguiia 

10 

196 

77 

4 584 

0 85 

Traco 

0 

+ 

210/160 

0 


17 

205 

93 

5 320 

087 

Pt tr 

0 

+ 

190/140 

0 

ludney fatigue, non- 
piotein nitrogen 2S 

18 

214 

85 

4 352 

0 98 

Pt tr 

0 

+ 

220/120 


19 

228 

80 

4 192 

0 97 



\ 

200/140 



20 

178 

SO 

4 912 

0 81 

+-f+ & 

0 

+ 

255/160 


Heait 4 X 17 cm , 



78 



trace 




Cth Intel space 

21 

ISO 

3 000 

108 

0 

0 

Bare 

180/105 

-1- 

Myocaiditis, 

oliguria 

Heart enlarged to 

22 

182 

So 

5152 

0 83 

0 

0 

0 

160/ — 


23 









right and left 

210 

85 

1 352 

0 98 

0 

0 

0 

105/ 93 

0 

Dilated aorta 

24 

213 

65 

3 290 

1 01 

-1- and 0 

0 

0 

170/ 05 


Myocardial insuffl 

r^l AYa AY 

25 

199 

95 

5 2S0 

0 91 

Tiacc 

0 

+ 

170/100 


Llt'IiliJ 

Enlarged heart, 

26 



4 672 

07 





oliguria 

214 

07 

++-t--t- 

Rare 

-1- 

160/ 88 

-1- 

Heart 17 cm to left, 










0th interspace 

27 

132 

95 

4 584 

1 05 

Trace 

0 

+ 

210/110 

0 

Pseudobulbar palsy 

2S 

159 

103 

4 920 

105 



185/125 

0 

Explosive head idles 

29 

167 

93 

4 762 

0 9S 

Trace 

0 

Occ 

220/150 


Cerebral arterio 

80 

175 








sclerosis 

82 

4 060 

102 

Trace 

0 

0 

200/145 


General arteiio 

31 

176 








scleiosis 

SO 

4 224 

0 95 

+ 

0 

+ 

197/130 


Left hemiplegia, 










evtrasystole 


* The iineomphcated cases shou no or slight anemia Items 20 to 20 shoued myocaidial 
failure Items 27 to 31 shoved “ceicbial” symptoms 


Fioni a study of seventy-six patients with hypertension and arteiio- 
sclei osis, Adams and Brown concluded that anemia was related to 
the 1 enal insufficiency Among the seventy-nine cases itemized in tables 
7 to 11 inclusive, some do not show the close paiallel between renal 
function and anemia whicb obtains foi most cases, even when not com- 
plicated by mj'^ocaidial insufficiency oi ceiebral insult These do not 
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necessanly disprove the general lule, in fact, they confirm the views 
with regard to the effect of myocardial changes, infection, etc , which 
have been presented previously Brief additional data are hei e submitted 
which may aid in the interpretation of these cases 

Table 9 — Hypertension {Model ate Impaiiinent of Renal Function) 


Blood Count 

, » , 

Homo Red Urine 

globm, Cells, , » — 



Case 

per 

Mil- 

Color 

Albu 

Red Blood 


Blood 



ISO 

No 

Cent 

lions 

Index 

mm 

Cells 

Casts 

Pressure 

Edema 

Comment 

1 

94 

90 

5 540 

081 

Trace 

0 

-f 

180/105 



2 

150 

80 

4200 

0 95 

Ft tr 

0 

0 

195/115 

+ 

Cardiac edema ? 

3 

151 

S3 



+-L-f + 

-(-++ 

+ 

230/162 


Urethntis 

4 

152 

64 



Ft and 0 

0 

Oee 

250/140 



5 

140 

SO 

5 OSS 

080 

Ft tr 

0 

+ 

205/140 ' 

0 


6 

141 

89 

4 360 

103 

Tr to 
+ -f' + 4' 

0 

++ 

100/120 

185/105 


Myocardial degener 
ation, oligum 

7 

142 

75 



0 

0 

0 

0 

S 

133 

68 

4 304 

0 81 

-t- and 0 

+ 

0 

220^45 



9 

134 

100 

4 960 

1 02 

+ + 

0 

-L 

124/ 85 


Transient hyper 











tension 

10 

160 

70 



■f" 

0 

Occ 

270/170 

0 

Arrhythmia 

11 

172 

87 

4 464 

0 98 

V f t 

0 

Rare 

240/120 

-1- 

Cardiac edema ? 

12 

201 

75 

5 000 

0 75 

Trace 

0 

Occ 

170/ 90 


Incipient contracted 
Lidney 

Nonprotein nitro 

13 

204 

70 

5 512 

063 

+ -1- 

0 

0 

230/168 












gen 33 

14 

227 

86 

4 904 

0 87 

4* -f- 

0 

0 

210/135 


Right heart 
slightly enlarged 

15 

13 

74 

4 300 

09 

-f-l- 

Menses 


260/ — 

0 

Pentonitis, hemor 
rhage 

Headache blurred 

10 

200 

79 

4 530 

0S7 

Trace 

0 

0 

218/148 

0 











vision 

17 

98 

72 

4 792 

0 76 

Trace 

0 

+ 

170/100 

0 

Slight cyanosis 

18 

153 

90 



Trace 

0 

+ 

210/115 

+ 

Nonprotem nitro 


gen 29 


19 

148 

96 

5 520 

0 87 

Trace 

0 

+ 

175/100 



20 

117 

100 

5 936 

0 84 

Trace 

0 

+ 

240/155 

Cardiac 

Pontile hemorrhage 
decompensation 

21 

143 

72 

5 920 

001 

Trace 

0 

Rare 

155/100 

+ + 

General edema, 
chronic passive 
congestion 

22 

133 

S3 

4 720 

OSS 

+ 

Fen 

-f 

215/115 

0 

Aortic insufficiency 

23 

137 

05 

4 300 

0 75 

++ 

0 

0 

170/ 90 

0 

Recent myocardial 
insufficiency 

24 

138 

84 

5 004 

084 

+ 

0 

+ 

170/120 

0 

Myocardial insuffi 
ciency, enlarged 
liver 

25 

135 

103 

6 304 

081 

Trace 

Rare 

+ 

lSO/105 


Sjphihs, pleural 
effusion 

25 

170 

90 

4 576 

10 

Ft tr 

0 

Occ 

212/135 


Mitral endocarditis 

27 

209 

84 

4 000 

0 91 

Trace 

0 

0 

165/110 


Congestion 

28 

212 

74 

4 856 

0 77 

-1- 

0 

0 

300/175 


Passive congestion 

29 

118 

07 

4 920 

OGS 

-4 + 

0 

+ 

190/115 


Poljaina, compcn 
sating myocardi il 


insufficiency 


30 

181 

08 

3 834 

089 

+ 

0 

+ 

220/135 

Pleural effusion 
enlarged liver 

31 

149 

84 

5 184 

0 82 

0 

0 

0 

“Normal” 

Emphj sema 

32 

224 

SS 

5 152 

0 86 

-t- 

0 

0 

210/140 

Prythremia, mitral 
insufficiency 


33 

161 

110 

5 368 

1 03 

-4 

0 

-4 

245/140 

-4 

Polycythemia, 
marked headache 

34 

169 

100 

4 1^ 

12 

0 

0 

0 

240/160 


Right hemiplegia 

35 

217 

95 

5 376 

0 89 

Trace 

0 

0 

230/125 


Polycythemia, co 
vulsions 

30 

223 

98 

5 400 

0 90 

Trace 

0 

+ 

200/135 

0 

Convulsions, 
uremia (?) 


* Jlodente anemia in manj cases Items 17 to presented congestue myocardial failure 
and items 33 to 3C manifestations of “brain” disease 
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The patient in case 157 (table 7), a woman, aged 34, showed a hemo- 
globin of 75 pel cent though the kidney function was noimal This 
patient was syphilitic, with evidence of an enlaiged heart, and the whole 
blood count with its “anemia of haemoglobin only,” gave indication of 
a cardiac pictuie This case was not classified with the cardiac cases 
because no notes weie available as to whethei oi not theie was insuffi- 
ciency Heie too, the anemia may have been a lesult of a recent 
exaggeiated stage of chionic diffuse nephiitis, of which she gave a 
history 

Tabll 10 — Hyl^c) tension (Mai Led Impati meut of Rena! Function) >= 


Blood Count 




Homo 

Bed 



Liinc 






elobin, 

, Cells, 









Case 

per 

Mil- 

Color 

Albu 

Red Blood 


Blood 



No 

No 

Cent 

lions 

Index 

in in 

Colls 

Casts 

Piessure 

Edema 

Comment 

1 

239 

52 

3190 

0 83 

-h-b-b 

0 


240/150 


Macrocytes 

2 

274 

45 



-(- + -4 

0 

+ 

250/130 



3 

283 

05 

3 608 

09 


Few 

-b 

209/130 

-b 


i 

29S 

G7 

3 912 

0 85 

-b-b 



200/150 



5 

93 

63 

3 984 

0 83 

Tnco 

0 

Occ 

210/ 85 



G 

1S8 

72 

4 GOO 

0 78 

+ 

0 

Occ 

220/148 



7 

200 

85 

4 490 

0 90 

'I-4* 

0 

+ 

248/154 



8 

215 

70 

3 408 

102 

Trace 

0 

+■ 

290/150 


Tuboiculosis of 











right apex 

9 

279 

55 

3 9S1 

0 70 

+ + + 

0 

-b 

235/140 

+ + 4" + 

Pleural and perito 











ncal elTusion svph- 











ihtio 301 tic sclerosis 

10 

220 

75 

4 010 

0 81 

-b and 0 

0 

-b 

245/IGd 


Uremia 

11 

150 

SO 

4 308 

10 

Trace 

-f -h 

0 

195/105 



12 

2GG 

80 

5 288 

0 70 

+ 4- 

0 

Occ 

215/120 

4- 4" 

Mjoeaidial insuffi 











ciency, enlaiged 











liver 

13 

91 

GO 

3 912 

0 84 

-b-b -b-b 

0 

-b 

240/140 


Heart, 0th space, 











mitral insufficiency 

14 

109 

72 

4 004 

09 

-b 

Occ 

-b 

210/140 

-b 

Heait, Gth space 

15 

202 

CO 

2 870 

107 

0 

Few 

0 

175/ 95 

-b 

Wissermann -b. 











pleural oftusiori 

10 

74 

90 

4 OSl 

1 1 

-b 

0 

0 

180/120 


Left hydrothorax. 


myocarditis, 

insufficiency 


17 

183 

SO 

0 688 0 0 

-b 

0 

0 


Anouiysm, thoricic 
aorta 

18 

181 

92 

7 332 0 03 

0 

0 

0 

220/140 

Polycythemia, 
cerebral arteiio 


sclerosis 


* In this and the succeeding tabic, the anemii becomes marked “Heart” and “brain” 
cases are indicated 


In case 129 (table 8), that of a man, aged 59, the anemia is out of 
pioportion to the slight degiee of kidney dysfunction This patient 
suffeied fiom amyotrophic lateral sclerosis 

In case 94 (table 9), the patient, a man, aged 47, exhibited no anemia 
with moderate impaiiinent of lenal function No significant data othei 
than those given m the table are available One may speculate as to 
whether oi not the duration of the moderate insufficiency, at the time 
of the blood count lecorded, was too short to produce an anemia Refei- 
ence may be made to the note regaidmg case 134 
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In case 141 (table 9), the relatively higher hemoglobin and led cell 
count than might be expected with moderate renal insufficiency may be 
1 elated to the myocardial degeneration and oliguria 

In case 134 (table 9), the patient, a man, aged 23, was the subject 
of moderately impaired renal function, yet his hemoglobin and red cells 
uere 100 per cent and 4,960,000, respectively This patient’s record 
bears a comment which serves to explain the disci epancy not only ni 
his case but possibly in that in case 94 (table 9) The note is made that 
the “elevated blood pressuie was transient ” Presumably, it was not of 
sufficient duration to affect the blood count In fact, the blood pressuie 
lecorded m conjunction with the blood count was normal, 124 systolic 
and 85 diastolic, though it had previously been elevated 

Cases 172 and 227 in table 9 showed clinical signs which might put 
them on the borderline with regard to their classification as caidiac 
cases , in these, congestion, which they exhibited, may account for a 
somewhat higher blood count than the degree of kidney insufficiency 
warrants In addition, it must be pointed out that case 227, while 
classified undei model ately impaiied function, bears the comment that 
the renal function varied from noimal to moderately impaired, so that 
a hemoglobin content of 86 pei cent and 4,904,000 red cells are 
consistent 

Lest undue discussion of these few exceptions detract attention from 
the mam tendency, the conclusion is again stated that in nearly all of 
the uncomplicated cases of hypertension, as in acute or chionic diffuse 
nephritis, the lenal insufficiency is matched by an anemia which closely 
reflects the degree of involvement of kidney function 

Myocardial Insufficiency — In the tables citing the cases of diffuse 
nephritis and of h}'pertension are found data for patients in whom the 
hemoglobin percentage and moie particularly the red blood cell counts 
aie higher than are the corresponding figures in the same stage of renal 
dj'sf unction for the majoiity of the patients In most of these cases, the 
hemoglobin more nearly paiallels the kidney function, whereas the red 
cells are normal or lelatively high These are instances of myocaidial 
insufficiency 

The disparity between hemoglobin and red cells enables one to 
desciibe these cases as having an “anemia of haemoglobin only” and 
characterizes them by a low coloi index So far as these facts apply 
to cardiac disease, they are well known The present study, by including 
kidne} function, presents the older knowledge in such a light as to permit 
its use in differential diagnosis and m the recognition of a myocardial 
complication during the course of nephritis or hypertension 
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It IS an interesting, although in a measuie distuibmg, commentary 
that ref ei ences to the blood count in nephritis and in myocardial decom- 
pensation are to be found in works on hematology and are extremely 
meager or entiiely lacking in the works on nephiitis or on heart disease 
Wilting on the subject of acquiied heait disease, Gulland and Goodall 
have said, “Some high red counts have been recoided The number 
of red coipuscles is not usually raised in fully compensated valvular 


Table 11 — Hypotension {Maximal Impaiimcnt of Renal Fwiciion) 




Blood Count 








r 

Hemo- 

Red 



Urine 






















Blood 




Cnse 

per 

Mil- 

Color 

Albu- 

Red Blood 




Xo 

No 

Cent 

lions 

Index 

mm 

Cells 

Casts 

Pressure 

Edema 

Comment 

1 

G9 

55 

31G0 

0 88 

-1-1-1-+ 

0 

+ 

247/185 

-h 


2 

93 

75 

4 776 

0 79 

+ 4- + 

Menses 

0 

260/154 

+ 


3 

104 

86 

4 272 

102 



-1-1- 

223/150 



4 

lOS 

65 

3 744 

087 

Trace 

0 

+ 

200/105 



5 

no 

40 

2 592 

0 92 


0 

4“ 

206/140 



6 

105 

60 

3 937 

0 76 

Trace 

0 

Occ 

miws 



7 

187 

64 

3 248 

1 0 

-1-1- 

0 

+ 

220/135 



s 

1S9 

70 

3 908 

0 89 

-1-f-l-l- 

0 


270/200 

+ 


0 

190 

58 

4 360 

0G7 

-f-1- 

0 

a. 

240/180 

+ 

Pleural elTusion 











recent myocardial 
msuflicicncy 

10 

101 

45 

2 528 

0 90 


0 

-i-f 

240/150 

+ 


11 

193 

45 

3 0GS 

0 75 

+ 

0 

0 

230/157 

4“ 


12 

20G 

46 

2 824 

082 

++-1-+ 

0 

-t-f 

230/140 


Uremia 

13 

265 

72 

3 368 

109 

Tiace 

0 

0 

182/100 

-t- 

Uremia, emphy- 
sema, cyanosis 
Hypertrophic and 

14 

64 

52 

3 408 

0 7G 

-f-l-l-f 

+ 

-1-4-+ 

280/150 











dilated heart 

15 

193 

78 

3 808 

102 

+ 

0 

4- 

110/ S3 


Heart dilated to 










right 

IG 

99 

55 

2 970 

0 94 

+ 

0 

+ 


•f-f 

Pleural cftusion. 











myocardial insufiB 
eiency 

17 

112 

103 

5 512 

0 93 

4" 

0 

4- 

253/185 

0 

Enlarged heart 

IS 

113 

72 

6 400 

OOG 

-f-i-i- 

0 

-f-i- 

205/140 

Recent 

Recent pleural 






to -f 




effusion 

19 

144 

78 

5 112 

0 76 

4 — h 

0 

++ 

140/110 

Recent 


20 

1G4 

G5 

70 

4 440 

0 73 

++++ 

0 

+H- 

200/130 

0 

Slight myocardial 
msufflciency 

21 

145 

5 088 

07 

++++ 

0 

-1-+ 

205/105 

Slight 

Recovering from 



47 







myocardial in 
sufficiency 


22 

2CS 

2 670 

09 

-f-i-i-f 

-f 

4-4- 

210/130 

4- 

Enlarged heart 

23 

207 

100 



-i-f-f-t- 

0 

+ 

230/110 

4- 4- 4" 

Myocardial m&uffi 
ciency, angina 











pectoris, pleural 
effusion 


disease but it is usually above the normal in mitral disease 

when compensation has failed, and in many conditions of dilatation and 
chionic stiain (emphysema, chionic bronchitis) without valvular disease, 
111 which the compensation is inadequate ” 

It is worthy of comment that the authois lefer to “high red counts” 
and to “the numbei of red coipuscles” rather than to the hemoglobin, 
which IS precisely the pictuie that the tables show Instances of the 
“chronic stiam without valvular disease in which compensation is inad- 
equate” aie cases 259 (table 4) with emphysema and bronchiectasis and 
149 (table 9), with emphysema 
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Ewing lepoited with leference to the blood count in chionic 
endocaiditis “When chronic venous stasis is established and dysiMiea 
cyanosis and edema exist, the changes are more complicated Under 
these circumstances the blood loses watei, becomes richei in red cells, 
and more so m the capillaries than in the veins The constant 

tendency toward anemia is usually masked by the peculiar condition of 
the cnculation” 

Coebial Lesions — In any study of hypertensive patients a ceitain 
piopoition will be found in whom the blood vessels of the brain have 
borne the blunt of the increased blood pressure Twelve such cases are 
among the 132 now lepoited When the characteristic high normal oi 
polycythemic blood counts of most of these cases were noted, five patients 
with known polycythemia were examined as controls m order to see 
whether these too showed evidence of ceiebral lesions This positive 
1 elationship has been discussed m the eai her part of this paper 

Cerebial arteriosclerosis, headache, sluiring speech, pseudobulbar 
palsy, hemiplegia, convulsions, parkinsonian tremoi and focal occlusion 
of blood vessels are among the clinical and postmortem diagnoses in this 
group Ten of the twelve oiigmal patients had hemoglobin readings of 
90 per cent or ovei, in contrast to the low hemoglobin of myocardial 
msufificiencj' In six cases the red cells were 5,000,000 or over, whether 
the lenal function was noimal oi impaired Case 168 (table 7) may be 
cited as an example The patient, a man, aged 56, gave evidence of 
ceiebral arteiioscleiosis , his speech was slurred, he was cyanotic His 
blood count showed 91 pei cent hemoglobin and 6,006,000 red blood 
cells 

The pi eponderance of symptoms and signs referable to the neivous 
system must not cause one to lose sight of the kidney and cardiac changes 
wdiich a small proportion of these cases show Thus in case 183 (table 
10) vascular nephiitis with marked degree of impairment of function, 
and thoracic aneurysm seemed, at least at the time the blood counts were 
made, to be the chief lesions In a control case (248) with 110 hemo- 
globin and 8 152,000 red cells the patient was tioubled with angina 
pectoris Lamson ® described the polycythemia which may occur in 
cases of chronic cardiac disease with interference of the pulmonary 
circulation Here the blood count represents an effect which is, in a 
sense, an exaggeration of the high red counts described under myocaidial 
insufficiency Whether or not these patients subsequently suffered a 
cerebral insult or were cairied off by a cardiac or kidney disease or by 
an “intercurient" pathologic condition befoie such an event, is of course 
problematic The burden of evidence fiom the literature and from the 
pathologic changes cited in the cases included in the piesent study 
predicts cerebial damage for most of these patients 
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While most of these patients present an “apoplectic” appearance with 
slight congestion or cyanosis, this symptom may be lacking e-ven though 
the blood count is unusually elevated Hess, quoted by Lamson,® and 
Gulland and Goodall have remaiked that cyanosis may he absent In 
some instances an unusually high blood count is found, although there 
IS extreme palloi An illustiation of this phenomenon is a contiol case 
(100), that of a man, aged 26, with marked hypertension (220 systolic 
and 130 diastolic), generalized arteriosclerosis and excruciating headache 
The urea nitiogen of the blood was noimal and the urine had a specific 
gravity of 1020 with a trace of albumin Despite an extreme, lemon- 
yellow pallor, a blood count showed 106 hemoglobin and 6,500,000 led 
cells 

The viscosity of the blood of the patients m this group may be high, 
and speculation has arisen as to what extent this is an influence m the 
causation of the cerebral lesions The patient in case 248 with polycy- 
themia and angina pectoris had a viscosity reading of 10 8 

COLOR INDEX (NATURE OF THE ANEMIA) 

The noimal coloi index must be taken as about 1 (Thro,^^ 15) 
Meyer and Butterfield,^® in Fiiedrich Muller’s clinic at Munich, found 
normal cases m which the index was 1 1 when the Salih method foi 
hemoglobin determination was employed 

Renal Insufficiency — In the case of renal insufficiency the aveiage 
coloi index values were approximately 0 9 This does not reflect the 
clinical picture, since marked vanations occui At times the anemia 
IS of an extreme secondary type, and at others it resembles the pernicious 
type with the color index close to and greater than 1 The latter state 
IS moie fiequently seen m patients with marked and maximal renal 
insufficiency, in whom one is apt to find a yellow pallor 

Ewing , 111 1903, attributed the “relatively high hemoglobin index” 
occurring in chionic exudative (parenchymatous) nephiitis to the “loss 
of albumin which affects principally the serum ” He continued, “Grave 
or pernicious anemia develops in a small propoition of cases of chronic 
parenchymatous nephiitis and appears at times to result diiectly from 
the nephritis It must be referred to the repeated losses of albumin 
from the blood and to the general disturbance of nutrition, but it is 
probable that the veiy severe giades of anemia result from the combined 
effects of lesions in several visceia, including gastritis cirrhosis of the 
liver arteriosclerosis, etc ” 

14 Thro, W Clinical Laboratory Methods, New York, J T Willson, 1920 

15 Meyer, E , and Butterfield, E E The Color Index of the Red Blood 
Corpuscles, Arch Int Med 14 94 (July) 1914 
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Berg/® m 1922, reported a senes of cases of nephritis showing that 
the patients with retention of nitrogen were apt to have a color index 
of from 0 9 to 11 

Mayers/" leportmg on cases of uremia, recorded blood counts m 
which, though the color index is not stated, calculation gives figures of 
I plus as the indexes 

The relationship of these obseivations to livei injury is suggested 
by Ewing’s statement alieady mentioned and by the fact that similai 
indexes as well as pathologic changes in the liver aie encountered in 
primal y pernicious anemia Ewing’® emphasized the fact that in 
chronic Bright’s disease changes in the liver are frequent Capillary 
congestion and distention and areas of edema are among the lesions 
of the liver that he mentioned In experimental uremia, Andrews ’’’ 
observed degeneration of the cytoplasm of the liver cells In a case of 
chronic nephritis with a marked “nephrotic element,” recently observed 
m a child, the same type of fatty infiltration was found m the liver cells 
as in the tubules and interstitial tissues of the kidneys It has been 
obseived that the kidneys of cattle yielded beneficial theiapeutic results 
when fed to patients with pernicious anemia In experimental uremia 
and in “ether nephi hides” of dogs, Andrews and Thomas^® found that 
the first blood-fiee proteins passed m the urine had their origin in the 
liver These facts furthei suggested a relationship between the livei 
and kidney At the present stage of knowledge, definite conclusions on 
this issue cannot be diawn The point may be made, howevei, that a 
high color index may be a clue to a diagnosis of renal insufficiency 
apart fiom the nephritis which sometimes complicates primary pernicious 
anemia Excluding the case of pernicious anemia intioduced as a 
contiol, foity-thiee of the 299 cases m this study manifested a coloi 
index ovei 1 In nineteen of these the hemoglobin and red cell count 
weie normal, so that these may be considered as coming undei Meyer 
and Butterfield’s desciiption of the high normal value foi the color 
index The remaining twenty-foui cases of high index occuiied when 
the red cells and hemoglobin weie reduced, so that these truly reflect 
the incidence of this type of anemia They weie observed with chionic 
diffuse nephritis oi with primary contracted kidney 

16 Berg, N N Observations on the Blood m Cases of Chronic Nephritis 
Associated with Nitrogen Retention, Am J M Sc 164 88 (July) 1922 

17 Mayers, L H Clinical Variations of Uremia, JAMA 88 97 (Jan 8) 
1927 

18 Ewing, J Lectures on Pathology to Cornell Medical School Students, 
Lecture Notes taken bv present writer 

19 Andrews, E Experimental Uremia, Arch Int Med 40 548 (Oct ) 1927 

20 Andrews, E , and Thomas, W A The Origin of Urinary Proteins, 
J A i\I A 90 539 (Feb 18) 1928 
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Brown and Roth concluded that hemolysis was not the etiologic 
factor in the anemia of chionic glomerular nephritis and asciibed the 
anemia to decreased function of the bone-marrow If decreased blood 
formation is the cause, these color indexes must be interpreted as indi- 
cating an “aplastic type” of pernicious anemia, though on the othei 
hand, it is known that after a time, hemolytic types of anemia ma} merge 
into aplastic types 

Maciocytes are rareh found, the} weie noted in onh one patient 
of this series, case 239 (table 10) Microcytes are usually repoited 
Myocaidml Insufficiency — In tbe cases of m}ocaiaial insufficiency, 
as might be expected from the laige number of relative!} pale cells 
that congest the peiipheral circulation, the denominator of the fraction 
of hemoglobin over red cells being inci eased, a low color index is usually 
observed While not applicable to all cases on account of the extreme 
variation, it may be suggested that a high color index points towai d i enal 
msufficienc}, while a low index indicates congestive myocardial failure 
Ceiebial Lesions — In the cases manifesting cerebral lesions, the 
average color index is about 0 9, though low indexes may be encounteied 
because usually m polyc}themia the red cells aie propoi tionately moie 
increased than is the hemoglobin (Lamson®) The low^ index here is 
differentiated from that m myocardial failure b} the low^ hemoglobin of 
cardiac insufficienc} as compared to the high value in polyc} themia 

THE ErrECT or anemia on kidney function 

The question ma} well be raised as to wdiether oi not the anemia 
itself does not aggravate or cause the nephritis wnth which it is associated 
As is \vell known pernicious anemia is often complicated by chronic 
productive nephiitis Many years ago, it w^as observed that secondaiy 
anemia produced changes in the kidney The situation, so fai as it 
bears on the present paper, may be summarized by saying that wdiile the 
anemia undoubtedl} imposes additional burdens on the heart and kidneys 
of these patients, thus foiming a “vicious circle,” the history and clinical 
couise of the cases in this study clearly point to the fact of a nephiitis 
antedating the anemia Furtheimoie, in a study of four contiol cases 
in wdiich the primal y disease was anemia (one of which is that of a tiiie 
pernicious anemia), it w^as evident that the blood dysciasia was much 
moie marked than w^as the degree of impairment of kidne'\ function 
This IS the converse of wdiat usually obtains in cases of nephiitis In a 
case of cancer of the bladder, the anemia w'as chaiactenzed b} a hemo- 
globin as low as 37 pei cent and a led cell count of only 2,448,000, yet 
the kidney function was only slightly to moderately impaired In a case 
(250) of primar} pernicious anemia the disease was knowTi to haie 
existed for over two years, }et the kidney function was normal, though 
the hemoglobin w^as 70 per cent and the eiythroc}tes numbered 2,880,000 
21 Brown and Roth (footnote 3, first reference) 
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CONCLUSIONS 

The blood count is of value in estimating the lelative importance of 
the kidney, the heart and the cerebral blood vessels in inducing the 
combination of signs and symptoms which make up the diffeient stages 
and types of “cai diovasculai renal” disease 

1 A secondaiy anemia is iiwaiiably associated with and is directly 
proportional to the degree of impairment of renal function 

(a) This relationship holds true foi renal insufficiency from any 
cause It applies whether the nephritis is acute or chionic, glomeiulai 
or diftuse, pi unary or secondary contraction, or whether the diminution 
of kidney function is due to conditions othei than Bright’s disease, as, 
foi example, polycystic kidney or nephiectomy 

(&) Hematuria, infection, albuminuiia, edema, myxedema, lestiicted 
piotein intake, etc, pioduce an anemia which occurs independently of 
the lowered red cell count that accompanies impaired renal function , all 
these influences must he consideied in interpreting the significance of 
the blood pictuie 

(c) In a small propoition of the cases with marked and inaximal 
lenal insufficiency, the anemia is chaiacteiized by a coloi index greatei 
than 1 The possible i elation of this feature to pathologic changes in the 
liver IS discussed 

2 The blood count mav furnish a clue as to the coexistence of 
congestive myocardial failure or ceiebral lesions 

(fl) The cardiac cases exhibit a low hemoglobin percentage which 
in a measuie parallels the renal insufficiency, while the red cell count is 
1101 mal or i datively high even when the kidney impairment is extreme, 
the coloi index m cases of myocardial failuie is, therefore, distintcly low 

(b) The “cerebral” cases are characterized by a high normal or 
polyc 3 ^themic blood count (of hemoglobin as well as of red blood cells) 
whether the kidney function is normal or maikedly damaged This 
serves to distinguish these hypei tensn'^e cases from those in which the 
kidne) lesion or the mvocardial insufficiency is the dominating factor 
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In 1904, Ambaid and Beatijaid/ in Fiance, put foith the claim 
tliat thcie was a diiect iclationship between tlie letention of sodium 
chloiide and the level of aiteiial tension This was followed by 
attempts on the part of F'lench clinicians to tieat patients with an 
elevated blood piessuie by i educing the sodium chloiide intake In 
this countiy, Allen and Ins pupils have been the chief advocates of 
this method of ti eating hypei tensive jiatients, while Mosenthal and his 
co-woikeis have led the opposition to this foim of thciapy 

In 1922, Allen and Sheiiill - lepoited on ISO cases of hypei tension 
in which the patients weie treated by close lestiiction of the sodium 
chloiide intake Fully noimal blood piessuie was lestoied in 18 9 pet 
cent of these patients, while in 419 pei cent theic was sufficient 
impiovement to legaid the outcome as “a distinct theiapeutic success” 
Tiansitoiy benefit followed by i elapse oi death lesulted in 8 9 pei cent 
of the patients, while complete failuie occuiied in 30 5 pei cent of the 
cases The failuies weie believed to be due to oiganic changes, chiefly 
111 the kidneys In this lepoit Allen set up plasma ehloiides of 580 mg 
as a dividing line, and sLited that patients with plasma chloiides above 
this figuic had a much bettei piognosis th.m those with chloiides below 
this level 

Isolated c.ise lepoits favoiable to this line of tlieiapy weie also 
])ublished by Mussei,’ by Konikow and Smith,' by Houghton''’ and by 
otbei s at .d)out the same time 

In 1923, Selman “ (one of Allen’s co-woikeis) lejioited ten moie 
cases of hypei tension in which the patients weie tieated by salt icstiic- 

•* Submitted foi publication. May 22, 1929 

’’ Fiom tbc Medical Scivicc of Ml Sinai Hospital 
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tion with 1 eduction to noimal pressuie in 60 pei cent of the cases 
In 1925, Allen' again leiterated his statements pieviously made and 
claimed stiikmg success m 60 per cent of his cases He said that he 
also believed the salt lestiiction to be of benefit m mitigating the 
S 3 miptoms and piolonging life even m the majoiity of cases classed as 
failuies Fuithermoie, he stated that otheis who had obtained no 
benefits tiom salt-free diets m hypertension had failed because then 
diets weie not accuiately salt fiee 

Cai lying on Allen’s woik, Vogel® lecently reported the lesults in 
212 cases of hypertension in which the patients had been treated at 
Allen’s institute since the lepoit of 1922 Seventy-foui pei cent of 
these patients were improved, while 26 pei cent w’^ere classed as uniin- 
pioved In the majoiity of the unimproved cases, the patients weie 
thought to have had an associated nephritis 

In opposition to the claims of Allen and his co-woikers, O’Hare,” 
111 1921, aiianged a senes of foity-five cases of hypei tension accord- 
ing to the height of the maximum blood chlorides and show^ed that 
those ivith the normal chloiide values aveiaged the highei blood 
piessuies In 1922, Mosenthal showed that there was no close 
lelationship betiveen the blood piessuie and the concentration of salt 
m the blood, and fuitheimore, that types of nephritis chaiacteiized 
by salt retention have as then outstanding features albuminuria, edema 
and no mciease in blood piessuie Moreover, he had not succeeded in 
affecting the aiteiial tension by the administration of 10 Gm of sodium 
chloride pei dav In 1923, Mosenthal and Shoit “ once more reiterated 
then claims of the mefficacy of sodium chloride lestnction as a 
therapeutic measuie m cases of hypertension They emphasized the 
marked spontaneous vaiiations which occui m the blood pressuie of 
all hypei tensive pei sons and showed that there was no eAudence that 
sodium chloiide laises the blood piessuie They concluded that sodium 
chloiide may be safely admimsteied in large doses to patients Avith 
hypei tension, proAuded that theie aie no complications or sequelae 
pi esent 

As an interesting sidelight on this question, mention may here be 
made of the Avork of Addison,^- Avho claimed that it was the sodium 
and not the chloride ion Avhich Avas harmful to patients Avith hyperten- 
sion, and he tieated these patients wuth potassium chloride 

7 A.llen, F M New York State J Med 25 726, 1925 

8 Vogel, S A. NeAv York State J j\Ied 28 318, 1928 

9 O’Hare, I P Proc Am Soc for Clin Invest , 1921, p 6 

10 jMosenthal, HO M Clin N Amer 5 1139, 1922 

11 Mosenthal, H 0, and Short, J J Am J ]\I Sc 165 531, 1923 

12 Addison, W L T, and Clark, H G Canad M J 15 913, 1925 
Addison, W L T Canad IM A J 18 281, 1928 
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MEl HOD 

The pin pose in this woik was to deteimine the efifects of vaiious 
amounts of sodium chloiide in the dietaiy of patients with hyperten- 
sion This has been attempted in a senes of thoioughly controlled and 
caiefully studied cases We have also checked the lesults in two of 
these cases by lepeatmg the sodium chloiide studies aftei waiting seveial 
months The difficulties encounteied in such a study aie numerous In 
the fiist place, we have found it necessaiy to hospitalize oui patients, as 
otheiwise no accuiate check could be kept on the diets In the second 
place, daily determinations of sodium chloiide had to be lun on the 
specimens of mine to act as contiols on the daily salt intake Moieovei, 
we have found that symptoms of salt piivation prevented prolonged 
administiation of diets containing less than 1 Gm of sodium chloride per 
day Also we must not omit the fact that patients usually find diets with 
a low salt content lather unpalatable and object to keeping up this 
legimen foi a long period, aftei a while they tend to begin to “cheat” 
on the diet 

We have puiposely lef rained from using the teim “salt-fiee” in 
connection with diets, as theie is, accuiately speaking, no such a thing 
as a stiictly salt-fiee diet Instead, we have designated oui diets as 
salt-pool when they contained less than 2 Gm of sodium chloiide pel 
day and as very poor in salt when they contained less than 1 Gm of 
sodium chloi ide per day In order to go to the opposite exti erne in oui 
tests we have also given these patients 10, 20 and even 30 Gm of sodium 
chloride pei day in addition to the amount present in the diet, and in 
some cases have also tiied the effect of large doses of sodium chloiide 
mtiavenously It must be emphasized also that all oui diets have 
been checked by daily detei mmations of the chloride in the mine 

In these patients we endeavored to vary the daily salt intake 
wdnle keeping all the othei factois as constant as possible We also first 
obseived the patients on an uniestiicted diet for a period of time until 
they had become accustomed to hospital routine and their pressures 
had leached as stable a level as is possible wuth this type of patient 
(whose blood pressuie, as we all know, is subject to fiequent 
spontaneous vaiiations) 

We here repoit the results of vaiying the sodium chloride intake 
of eleven patients with hypertension In addition, w'^e made two distinct 
studies on two of these patients at different times The aveiage stay 
111 the hospital was thiity-mne days, the shoitest stay was nineteen and 
the longest seventy-five days These patients ranged in ages fiom 
31 to 57 yeais Thiee were men and eight weie women Nine weie 
white and two weie coloied All of these cases belong to those com- 
monly classified under the heading “essential hypertension”, that is, 
the patients had elevated blood piessuie without evidence of leal kidney 
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damage and without an)'- othei leadily ascei tamable cause foi the 
increased tension The heart rate was legular in all cases The 
pressures at the time of admissions vaiied from 150 systolic and 100 
diastolic to 264 systolic and 134 diastolic Diabetes (of a mild type) 
was present m one case, othei wise theie weie no complications 

In addition to these patients, we have also made observations on the 
eftect of changes in the sodium chloride intake on the blood pressure 
of two othei patients — one with nephrosis (for fifty-thiee days) and 
the othei with acute glomerular nephritis (foi eighty-one days) 

With all the othei factors constant as fai as possible, the patients were 
kept on salt-pool diets and on diets containing varying amounts of salt 
for a sufficient length of time to observe whethei there was any 
relationship between the pressure and the diet 

Table 1 — Snmviaty of Blood Picssuies on Vaiytng Salt Intakes 
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In Older to conseive space, we repioduce only foui of the charts, 
showing the daily (oi twice daily) blood pressure readings, the daily 
chloride output and the salt intake In lepoiting our cases, we think 
It Avould be too confusing toi the readei and would take up too much 
of his time to give all the pressure leadings, and we aie therefore 
giving only the average blood piessuie level on each type of diet in 
each case Table 1 gives a summary of the average blood pressure 
levels in each patient under the vaivmg amounts of salt intake 

Before going on to the case repoits, it is worth while to emphasize 
that patients w'lth hypertension commonly show spontaneous vaiiation 
from day to da) and even duiing the course of the same day Deduc- 
tions from the piessuie curves must theiefore be made yvith great 
caution, and only appreciable changes m piessuie which are maintained 
ovei a period of time should be considered as having any significance 
In order that the personal equation might be eliminated as far as pos- 
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sible, vanations in the salt intake weie made without the knowledge of 
those lecoiding the blood piessure 

REPORT or CASES 

Case 1 — A S, a woman, aged 52, was admitted to the hospital on June 20, 
1923, and was discharged on Aug 10, 1923 Her chief complaints were precordial 
pain, backache and geneialized weakness, also dizziness, shortness of breath and 
palpitation The symptoms dated back about five years and had been growing 
progressively worse The blood pressure at the time of admission was 200 sys- 
tolic and 120 diastolic The results of further physical evamintaion were 
essentially negative The orthodiagram showed widening of the ascending and 
descending aorta and moderate enlargement of the heart to the left The urine 
showed small amounts of albumin, hyaline and granular casts and white blood cells 
The blood chemistry was normal The plasma chlorides were 597 mg per hundred 
cubic centimeters 

With the patient on a routine house diet, the blood pressure averaged 184 
systolic and 110 diastolic, on a salt-poor diet, 198 systolic and 123 diastolic, on 
10 Gm of salt per day, 210 systolic and 119 diastolic and on 15 Gm of salt per 
day'' 214 systolic and 127 diastolic 

Case 2 — J F, a man, aged 55, was admitted to the hospital on July 19, 1923, 
and was discharged on Aug 30, 1923 His symptoms dated back about six and 
one-half years and consisted chiefly of ringing in the ears, dizziness, pain m the 
legs and shortness of breath on exertion The blood pressure was 230 systolic 
and 110 diastolic There were no signs of decompensation The orthodiagram 
showed considerable enlargement of the heart to the left and also some widening 
of the aorta The urine showed a faint trace of albumin and a few casts and 
white blood cells The blood chemistry was normal, and the plasma chlorides 
were 578 mg per hundred cubic centimeters 

The average blood pressure with the patient on an unrestricted diet was 228 
svstolic and 109 diastolic , on a diet with a salt content of less than 1 Gm per 
day, 230 systolic and 104 diastolic , on 10 Gm of sodium chloride per day, 242 
svstolic and 112 diastolic, on IS Gm of sodium chloride per day, 236 systolic 
and 112 diastolic, and on 25 Gm of sodium chloiide per day', 237 systolic and 
117 diastolic 

Case 3 — F R , a woman, aged 50, was admitted to the hospital on Oct 29, 
1923, and was discharged on Dec 17, 1923 The svmptoms were throbbing sen- 
sations 111 the head, pains in the abdomen, belching of gas and shortness of 
breath, all of about four vears’ duration The blood pressure at the time of 
admission was 230 systolic and 115 diastolic There w'ere no signs of decompensa- 
tion The orthodiagram showed the heart to be moderately enlarged to the left 
and the aorta wudened The urine showed traces of albumin at times and occa- 
sional casts The blood chemistry was normal The plasma chlorides were 564 
mg per hundred cubic centimeters 

With the patient on an unrestricted diet, the blood pressure averaged 201 
systolic and 110 diastolic, on a salt intake of less than 2 Gm per day, it averaged 
194 systolic and 111 diastolic, and on less than 1 Gm per day, 195 systolic and 
112 diastolic 

The patient was readmitted on Jan 7, 1924, and discharged on March 4, 1924 
Readmission was due to increase m the symptoms and the presence of fresh 
retinal hemorrhages The blood pressure at this time was 264 systolic and 134 
diastolic, the blood chemistry w'as noimal and the plasma chlorides w'ere 626 mg 
per hundred cubic centimeters 
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When the patient was on an unrestricted diet, the blood pressure averaged 219 
sjstolic and 117 diastolic, on 10 Gin of sodium chloride per daj, it averaged 215 
s 3 Stolic and 111 diastolic, on 20 Gm per dav, 225 sj'stolic and 113 diastolic, and 
on a low salt diet (less than 1 5 Gm per day), 216 systolic and 117 diastolic 
Case 4 — W G, a colored man, aged 49, was admitted to the hospital on lilay 
19, 1923, and uas discharged on June 12, 1923 The chief complaints were short- 
ness of breath of six months’ duration and swelling of the ankles of three weeks’ 
duration The blood pressure was 182 systolic and 130 diastolic The heart was 
moderately enlarged The liver w^as palpable three fingerbreadths below the costal 
margin, and there w'as a moderate degree of pretibial edema The urine showed 
considerable albumin but no casts The blood chemistry w'as normal and the 
plasma chlorides 597 mg per hundred cubic centimeters 



Chart 1 — Blood pressure readings, daily chloride output and salt intake in 
case 3 during the patient’s first admission 

With the patient on an unrestricted diet, the blood pressure average was i95 
sy'stolic and 124 diastolic, and on a low salt intake (less than 0 5 Gm per dai) 
it averaged 190 svstolic and 118 diastolic 

Case 5 — N W , a wmman, aged 43, was admitted to the hospital on March 19, 
1923, and was discharged on June 2, 1923 The chief complaints w'ere headaches, 
backaches, spots before the ej^es and frequency of urination She had known of 
her hvpertension for about two years The blood pressure was 252 systolic and 
130 diastolic There was slight cardiac enlargement to the left and no signs of 
decompensation The blood chemistry' was normal, and the plasma chlorides w'ere 
582 mg per hundred cubic centimeters The urine at times show'ed traces of 
albumin and occasional casts 





BERGER-FINEBERG— HYPERTENSION 


537 


When the patient was on an unrestricted diet, the blood pressure averaged 
220 systolic and 115 diastolic, on a low salt intake, 217 systolic and 132 diastolic, 
on 10 Gm of sodium chloride per day, 201 systolic and 121 diastolic, on 15 Gm of 
sodium chloride, 204 systolic and 122 diastolic, and on 20 Gm of sodium chloride 
per day, 203 systolic and 119 diastolic 

Case 6— L K, a woman, aged 40, was admitted to the hospital on May 1, 
1922, and was dischaiged on May 21, 1922 The complaints were chiefly of head- 
aches, and of aches and pains in diffeient parts of the body for about seven years 
The blood pressure was 175 systolic and 95 diastolic There was slight cardiac 
enlargement, but no signs of decompensation The blood chemistry was normal 
The urine showed slight amounts of albumin at times and occasional In aline and 
granular casts 



Chart 2 — Blood pressure readings, daily chloride output and salt intake in 
case 3 during the patient’s second admission 


The blood pressure with the patient on an unrestricted diet averaged 174 sys- 
tolic and 96 diastolic On a low salt intake (less than 1 Gm per dajO for nine 
days, the pressure averaged 168 systolic and 98 diastolic At the end of this 
period, the patient became so weak (due to salt privation) that she was unable 
to get out of bed At this time her urinary chloride evcretion was 02 Gm per 
daj Coincidentally with this marked anorexia, the blood pressure fell to 135 
systolic and 90 diastolic The patient was then placed on an intake of 10 Gm 
of salt per day for nine days, and soon began to show marked impro\ement 
Ihe pressure remained down for about a week, but at the time of discharge it 
had risen to 175 systolic and 110 diastolic 
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The patient ^\as readmitted on Feb 13, 1923, and discharged on March 4, 1923 
This time the patient complained chieflj of headaches The blood pressure at 
the time of admission was 164 sj'stolic and 90 diastolic The blood chemistrj was 
normal and the plasma chlorides were 622 mg per hundred cubic centimeters 
The urine ^\as normal, except for traces of albumin 

With the patient on an unrestricted diet, the blood pressure averaged 164 
svstolic and 90 diastolic On a low salt intake, it averaged 183 systolic and 110 
diastolic, and on a \ery low salt intake, 189 s\stolic and 110 diastolic 

Case 7 — C W , a man, aged 30, was admitted to the hospital on June 12, 1924, 
and was discharged on July 23, 1924 The chief complaints were swelling of the 
legs and generalized weakness of two months’ duration The blood pressure was 
150 systolic and 100 diastolic There was slight edema of the ankles The urine 
showed large amounts of albumin and on microscopic examination granular casts 
The blood chemistrj was normal and the plasma chlorides 597 mg per hundred 
cubic centimeters 

When the patient was on an unrestricted diet, the blood pressure a\eraged 152 
sjstolic and 94 diastolic on a low salt intake (less than 2 Gm per da\), it 
averaged 138 svstolic and 98 diastolic, while on a very low salt intake, it aver- 
aged 155 systolic and 95 diastolic 

Case 8 — G S, a woman, aged 45, was admitted to the hospital on June 24, 
1924, and was discharged on Julv' 12, 1924 The chief complaints were headaches 
and throbbing sensations of one vear’s duration The blood pressure was 200 
systolic and 112 diastolic The orthodiagram showed slight left ventricular 
enlargement and diftuse aortic widening There were no signs of decompensa- 
tion The blood chemistry was normal, and the plasma chlorides 626 mg per 
hundred cubic centimeters The urine contained no albumin, but occasional gran- 
ular casts were found on microscopic examination 

With the patient on an unrestricted diet, the blood pressure averaged 200 svs- 
tolic and 112 diastolic on a very low salt intake, it averaged 158 systolic and 
109 diastolic 

Case 9 — S B , a woman, aged 31, was admitted to the hospital on April 7, 
1924, and w'as discharged on May 13, 1924 The chief complaints were shortness 
of breath, fainting spells and pain in the left side of the chest of three and 
one-half j ears’ duration The blood pressure was 190 systolic and 110 diastolic 
There were no signs of decompensation The orthodiagram showed the aorta to 
be slightly widened and increased in densitj The blood chemistry was normal, 
and the plasma chlorides 586 mg per hundred cubic centimeters The urine 
showed small amounts of albumin at times but no casts 

When the patient was on an unrestricted diet, the blood pressure averaged 166 
svstolic and 98 diastolic on a very low salt intake (less than 0 5 Gm per dav), 
155 systolic and 102 diastolic, and on a daily intake of 10 Gm of salt, 148 systolic 
and 99 diastolic 

Case 10 — E L, a colored woman, was admitted to the hospital on May 6, 
1924, and w'as discharged on June 12, 1924 The chief complaints were frequent 
severe headaches and occasional fainting spells The blood pressure was 240 
systolic and 120 diastolic The orthodiagram showed moderate left v'entncular 
enlargement There were no signs of decompensation The blood chemistry was 
normal and the plasma chlorides 577 mg per hundred cubic centimeters The 
results of urmaljsis were negative 

The blood pressure with the patient on an unrestricted diet averaged 186 
svstolic and 102 diastolic, on a very low salt intake, 156 svstolic and 99 diastolic, 
and on 10 Gm of salt per dav, 182 sjstolic and 118 diastolic 
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Case 11 — E K, a woman, aged 57, was admitted to the hospital on March 9, 
1923, and was discharged on June 2, 1923 The chief complaints were shortness 
of breath, palpitation and precordial pain, as well as generalized aches and pains 
intermittently for about twelve years The blood pressure was 240 systolic and 
90 diastolic The oithodiagram show'ed moderate left ventricular enlargement 
The urea nitrogen of the blood w'as 20 mg per hundred cubic centimeters, and 
the plasma chlorides 626 mg per hundred cubic centimeters The urine showed a 
trace of albumin but no casts The blood sugar at the time of admission was 
184 mg per hundred cubic centimeters, and the first specimen of urine showed 
a model ate amount of sugar The diabetes w'as easily controlled by regulating the 
diet, and the patient remained “sugar-fiee” during her stay 

With the patient on an unrestricted salt intake, the blood pressure dropped 
from 240 systolic and 90 diastolic to 200 sj'stolic and 90 diastolic, but the high 



Chart 3 — Blood pressure readings, daily chloride output and salt intake ni 
case 12 

figures obtained at first served to bring the average pressure for this period up 
to 221 systolic and 100 diastolic On a salt intake of less than 1 Gm per day, 
the pressure averaged 206 systolic and 95 diastolic, and on a high salt intake 
(reaching an intake at times of 30 Gm per day), it averaged 194 systolic and 91 
diastolic 

Case 12 — Nephi osis — L R , a man, aged 26, was admitted to the hospital 
on May 15, 1923, and w'as discharged on July 7, 1923 The chief complaints w^ere 
recurrent sw'elling of the left submaxillary region and swelling of the ankles and 
legs of about four months’ duration He felt well otherwise Examination 
showed slight puffiness of the eyelids and edema of the legs The remainder of 
the examination gave negative results The blood pressure at the time of 
admission was 146 systolic and 86 diastolic The blood chemistr}'- was normal 
The plasma chlorides w^ere 626 mg per hundred cubic centimeters The urine 
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showed large amounts of albumin but no casts, and the specific gravitj ^arled 
from 1005 to 1 025 The phenolsulphonphthalem output was 65 per cent in two 
hours The ejegrounds were normal 

When the patient was on an unrestricted diet, the blood pressure fell from 
146 systolic and 86 diastolic to 115 sj^stolic and 78 diastolic with an average of 
136 sjstolic and 72 diastolic On a salt-poor diet the pressure then averaged 
109 systolic and 77 diastolic With 15 Gm of salt per day added to the diet, the 
pressure averaged 109 systolic and 7l diastolic, and wuth 30 Gm of salt per day 
added to the diet, 119 systolic and 82 diastolic Following this the patient was 
again placed on a salt-poor diet, and the blood pressure averaged 121 systolic and 
83 diastolic 

Although the blood pressure was not influenced by the salt intake, careiiil 
check on the patient’s weight (twnce daily weighing) showed diat the edema 
increased wuth the salt intake 

Case 13 — Acute Glomciulai Ncplmtis — J R, a boy, aged 11, was admitted 
to the hospital on Nov 20, 1924, and was discharged on Feb 9, 1925 About twm 
w'eeks before admission the patient had a sore throat While the patient was 



Chart 4 — Blood pressure readings, daily chloride output and salt intake in 
case 13 

reco\ering from this, the mother noticed that the child’s face was becoming rather 
puffir, especialN around the eves Soon after this the legs also began to swell, and 
in addition the child began to complain of pain m the back just below the ribs on 
both sides Since the onset of his illness, the child bad had increased frequency 
of urination 

Examination showed generalized subcutaneous edema, most marked in the 
face which was puffv and about the eies where the swelling w'as prominent The 
tonsils were hi pertrophied, and there w’as some redness of the pliarjmx The 
heart w as slightlj enlarged The blood pressure w'as 170 s 3 'stolic and 90 diastolic 
There was tenderness over both kidnej's posteriorlj The urine at the time of 
admission show'ed gross blood and a large amount of albumin, and microscopically 
large numbers of red blood cells, white blood cells and casts The blood chemistry 
show ed nonprotein nitrogen, 50 mg , urea nitrogen, 23 mg , creatinine 1 6 mg , 
and plasma chlorides, 530 mg per hundred cubic centimeters 

At the time of admission, the patient was put on a salt-poor diet, following 
this, 15 Gm of salt per dav wms added to his diet and later, 5 Gm of salt w'as 
added In addition he was given 5 Gm of sodium chloride (in 5 per cent solu- 
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tion) intravenously on three occasions Following the intravenous administration 
of sodium chloride, the blood pressure readings were taken at hourly intervals, 
with the results shown in table 2 

The patient improved slowly, and his blood pressuie dropped gradually, with- 
out regard to the salt intake At the time of discharge there was no blood m the 
urine, and the microscopic examination failed to show any red blood cells or casts 
Also the edema had entirely disappeared 

SUMMARY 

1 The efifect of sodium chloiide on the blood pressure has been 
studied on eleven patients with so-called essential hypertension, on one 
patient with nephrosis, and on another with hypertension associated 
with acute gloineiulai nephritis 

2 These patients have been caiefully obseived while on diets con- 
taining varying amounts of sodium chloride, ranging fiom intakes of 
less than 1 Gm per day to 30 Gm per day 

3 In only one of these cases (case 10) was theie an appreciable 
diop m blood pressuie, which seemed to be due to the salt-pooi diet 


Table 2 — Blood Picssttic Readings Bcfoie and Aftet the Inti avenous 
Adimnist! ation of Sodium Chlonde 



Dec 8th 

Dec 2'>th 

Jan 4th 

Before 

104/90 

136/72 

122/72 

1 hour after 

150/80 

138/70 

122/72 

2 hours after 

102/92 

120/CC 

120/70 

3 hours after 

100/90 

128/70 

124/68 

4 hours after 

100/90 

136/72 



4 In another case (case 8) there was a well maiked drop m the 
systolic piessure, but this case was not obseived foi a sufficient length 
of time 

5 In a third case (case 6) the blood pressuie fell when the patient 
showed marked signs of salt piivation with accompanying anoiexia, 
weakness, etc , but rose again when hei condition improved 

6 Reduction of the sodium chlonde intake in all of the othei cases 
did not cause a diop m the blood pressure level 

7 Raising of the sodium chloride intake above the noimal level also 
did not have any appreciable effect on the blood piessure 

8 In the patient with nephiosis the edema (but not the blood 
piessure) vaiied with the amount of sodium chlonde m the diet 

9 Administration of sodium chloride oially and intiavenoush even 
to patients with acute hemonhagic nephritis had no effect on the 
blood pressuie level 

10 The initial level of the plasma chlorides liore no i elation to the 
subsequent couise of the case 
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CONCLUSION 

Thu teen patients weie careful!) obseived in the hospital foi a period 
of time ranging fiom twent)’- to eighty-one days (aveiage, foity-foui 
days) After an initial peiiod of stabilization, rest in bed, diet, etc, 
langing from ten to fouiteen days, salt was withdrawn fiom their diet, 
their output dropping m most instances to below 1 Gm per day and 
m some as low as 0 5 Gm per day After they had been kept at this 
leAel for periods of fiom two to five weeks, sodium chloride was added 
to then diet m quantities of from 10 to 30 Gm pei day, supplemented 
m several instances by the mtiavenous admmistiation of fiom 5 to 
15 Gm We have failed to see aii)'^ unquestioned modification of the 
blood piessure cuive which could be definitely attributed to variations 
m the sodium chloride intake 



INTESTINAL OBSTRUCTION AND SEPTIC INVASION 

OF THE PERITONEUM 

COMBINED MEDICAL AND SURGICAL TREATMENT ^ 
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MIAMI, FLA 

We feel certain that the method which we shall attempt to describe 
for the contiol of a definite clinical syndiome has not been described 
elsewheie At the same time, we do not claim ciedit foi the oiigin of 
the separate and independent factois that aie involved in the procedme 

Intestinal obstiuction, oi at least the clinical pictme that we asciibe 
to it, has been refeiied to foi centuries Since the etiology, 
symptomatology and pathology aie so well undei stood and so widely 
discussed m the hteiatuie, we have puiposely omitted them from this 
papei 

Oui attention was first directed towaid this work se\eial years ago, 
during a period of physiologic lesearch At that time the fact which 
impressed us was that practically all woikeis weie agieed as to the 
etiology, symptoms and pathology of this clinical pictuie, but that their 
difierences and difficulties arose in attempting to explain the sequence 
and the cause of death which followed aftei the actual obstruction had 
been produced 

Aftei a careful review of the latest expeiimental woik on intestinal 
obstiuction, peiitonitis and ileus, we concluded that the best founded 
theoiies today which attempt to explain the clinical syndiome and the 
cause of death m these conditions lest between those of toxemia, 
dehydiation, pei verted secretion, bacteiemia, and possibly the most 
lecent of all, advocated by Williams ^ of London, the piesence of a toxin 
due to a specific organism 

We feel that the best founded theoiy is that of toxemia One of 
us was associated with Dragstedt at the Umveisity of Chicago when 
a series of expeiiments was being carried out in an attempt to produce 
this clinical syndrome in dogs by means of aitificial obstiuction 

Since the details of the methods employed, as well as a lepoit of the 
lesults, have been so well described and discussed ^ we shall only biiefly 
summaiize the work foi the sake of giving the basis and beginning of 
0111 ideas 


Submitted for publication, June 6, 1929 

1 Williams, B W Brit J Surg 14 295 (Oct ) 1926 

2 Dragstedt, L R , Moorhead, J J , and Burcky, T W J Exper Med 
25 421 (March) 1917 
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Attei pioducing artificial obstruction in several different ways, it 
was the aim of the Chicago workers to produce the same clinical and 
pathologic pictuie m their animals and still maintain a patent and, if 
possible, a functional gastro-intestmal tract This was accomplished by 
preparing isolated closed intestinal loops about 12 cm long and reestab- 
lishing the tract by end-to-end anastomosis, as shown in A in the 
accompanying illustration 

Both ends of the loop thus isolated weie inverted and closed with 
double rows of purse-string sutures, caie being taken not to inteifeie 
with the blood supply The closed loops were then left free in the 
abdominal cavity These animals piesented a definite and constant tiain 
of s3mptoms, and died in from thirty-six to sixty hours of severe 
toxemia The symptom-complex was piactically identical with that 
of the animals m which ohstiuction had been produced, as shown in 
B 111 the accompan3ang illustiation, and an autops3'- revealed either a 



A B 

In A, the end-to-end anastomosis is shown at a, while b is the isolated closed 
loop In B, the bowel is severed, with the free ends closed at c 

maikedl3 distended and partiall3^ necrotic loop filled with the 
chaiacteristic reddish-brown, foul-smelhng fluid, or a luptuie of the 
loop along the antimesentenc border, with expulsion of the fluid and a 
general peiitomtis 

Fuither work aimed at the specific natuie of this fluid revealed it 
to be lelatively haimless when administeied to noimal animals by mouth 
and extremel3’- toxic when given intiavenousty , its chemical nature 
seemed to be closety related to the amines, and its origin, in all probabilty, 
was from decomposition by the proteol3^tic strain of intestinal bacteiia 
Attempts to immunize animals with the mateiial were unsuccessful 
During fuither research on the problem, attempts were made to sterilize 
the loops previous to closing the ends, in order to control bacterial 
activit3" The various so-called intestinal antiseptics, as well as solutions 
of phenol compound solution of cresol, mercuric chloiide, alcohol and 
ethei, were used In no case could the loop be sterilized, but with 
ethei and alcohol a retardation of the progiess of the toxemia could be 
effected 
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Fiom a careful study of this and othei experimental woik, we feel 
that a logical and scientific basis can be set down foi the underlying 
piinciples in the symptom complex and cause of death in these con- 
ditions, and this w^e feel is always a scientific requirement prioi to an} 
tieatment that is to be devised, especially if the tieatment is to be applied 
to human beings 

A brief discussion, then, of the most plausible theoiies is woith 
while 

Although dehydiation did not appeal to be an important factoi m the 
animals,^ we feel that it is a decided factoi in cases of clinical obstiuction 
and septic invasion of the peiitoneum We also feel that it is a lesult 
of the toxemia and does not play a primal y idle in the morbidity of the 
patient, since the same end-iesult can be pioduced m the cases showung 
isolated loops, conditions m which theie was no excessive vomiting 

It seems unquestionable that theie is a perveision of function of the 
intestinal mucosa m these conditions, but the expeiimental woik would 
seem to indicate that the perveision has to do with absoiption and 
cellular activity lather than with secretion, since the loops desciibed can 
be left to dram fieely into the peritoneal cavity without any untowaid 
lesults, also, the fact that m the cases m which the bacteiial giowth 
was letaided by lemoving the substrate fioni the lumen pievious to 
closing the loops w^ould indicate that the beneficial effect was not on a 
basis of pel verted secretion A furthei illustiation of this was found 
in the cases of congenital atiesia or othei malfoimations which simulate 
obstiuctions, as m an infant in w'hom the condition was found at biith 
in oui own clinic at the Gowdy Hospital at Miami, Fla , and wdiose case 
w^e leviewed at the time of writing this article and similar cases 
repoited by Long ^ and othei s We find that the clinical manifestations 
do not set in until bacteria enter the tiact Since the glands of the 
intestinal w’-all have been active, even befoie birth, we feel that this 
also speaks against the theoiy of a peiveited secietion, as advocated by 
Whipple, Stone and Beinheim^ 

That a bacteremia is present seems to have been disproved Iw 
McCluie,® McKenna ° and othei s,'^ who examined the heait’s blood, 
peiitoneum and vaiious oigans and found them unifoimlv steiile 

As to the piesence of a specific toxin and the possibility of anti- 
serum foi it, w^e are waiting for fuithei lesearch 

3 Long, Esmond R Acute Intestinal Obstruction in a Xew-Born Infant 
from Hernia of the Lower Ileum Through a Congenital Mesenteric Opening, 
Arch Path 3 901 (May) 1927 

4 Whipple, G H J Exper Med 15 259, 1912 Whipple Stone and Bern- 
heim Ibid 17 286, 1913, ibid 19 144, 1914 

5 McClure, R D An Experimental Study of Intestinal Obstruction, J A 
M A 49 1003 (Sept 21) 1907 

6 McKenna, C H Surg Gjnec Obst 17 674, 1903 

7 Hartwell, J H , and Houget, J P Am J M Sc 143 357, 1912 
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Assuming it to be a well established fact that the fiist condition 
following the initial cause in these conditions is a toxemia, we attempted 
to leview other observations on the clinical picture before attempting 
to rationalize a method of tieatment Piobabty the most outstanding 
and valuable of recent contributions have been those of Haden and On,® 
who showed the constant changes that occui in blood chemisti)’’ These 
changes are chiefly an increase in the blood nonprotem nitrogen, a 
deciease in the chlorides and an increased caibon dioxide-combming 
power of the blood These woikers advocated, appaiently with some 
success, the intiavenous administiation of a hypertonic solution of 
sodium chloride, and other workeis® confirmed their lesults and treat- 
ment on clinical patients 

A group of workers in Iowa called attention to the lower level of 
metabolism in these cases A leview’^ of case histones, wuth regard to 
S3anptoms, bears out this suggestion, since many patients manifesting 
the picture of perforation peritonitis, ruptured visceia oi surgical 
shock, with a metabolic rate that is at a minimum ebb, have been proved, 
at operation or at necropsy, to have obsti uction The collapse 
dehydration and scant)' urine would also indicate that both metabolism 
and excretion are going on at a low level 

Maciae^® stressed the value of intestinal drainage as a therapeutic 
measure Beig, Meleney and Jobhng^^ suggested that their work 
indicated the possibility of the duodenal wall developing an acquiied 
immunity to the intestinal flora, wdnch might even be bacteiicidal 

During experiments on the function of the duodenum, Dragstedt 
and his co-workeis^- show'ed the value of free drainage and fiequent 
11 ligations of the duodenum during a partial obsti uction Williams^ 
suggested that the toxemia is chiefly caused by anaerobic bacteria and 
that any means of supplving an excess of free oxygen to the intestinal 
lumen will aid in combating the gravity of the condition He developed 
a serum which we feel has not as yet had a sufficient trial 

During otii reseaich and review of the liteiature on othei pioblems 
w'e have found, fiom time to time, valuable suggestions concerning the 
problem described in this paper 

8 Haden, R L, and Orr, T G High Jejunostom\ in Intestinal Obstruction, 
J A M A 87 632 (Aug 28) 1926, J E\pcr Med 55 795, 1926 

9 Coleman, E P Use of Hypertonic Saline Solution m Acute Intestinal 
Obstruction, J A M A 88 1060 (April 2) 1927 

10 Macrae, Donald, Jr JManagement of Acute Conditions of the Abdomen, 
JAMA 89 1113 (Oct 1) 1927 

11 Berg, B N, Melenev, F L and Jobling, J W Experimental Chronic 
Duodenal Obstruction, Arch Surg 14 752 (March) 1927 

12 Dragstedt, L R , Dragstedt, C A McChntock, J T and Chase, C S 
Am J Phvsiol 46 584 (Aug) 1918 
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In leviewing the function of the parathyioid glands, Luckhaidt,’^" 
Diagstedt, one of us (K P) and Sudan, Diagstedt and Peacock^' 
and Sudan gave vital indications that the tetany following complete 
extiipation of the glands is intricately related to a toxemia that is 
most probably concerned with protein split products fiom the gastio- 
mtestmal tiact similar m natuie to the amines On this assumption 
they showed conclusively that these poisonous bodies can be conti oiled, 
either at the site of their production by changing the flora and thus the 
metabolism in the intestine, oi aftei then absoiption by copious intra- 
venous injections of physiologic solution of sodium chloiide oi, pief- 
erably, of Ringei’s solution Whether the toxins are free m the blood 
stream as such, or whether there is some linking up with the cells, which 
are latei bioken up, the writeis were not able to decide, but impiove- 
ment m the animals was invariably coincident with violent diuresis 
Fleming showed that the phagocytic power of the leukocytes has 
a definite relationship to the concentration of salt m the blood, and 
suggested that with an upset m the concenti ation of salt the resistance 
of the blood is tempoiarily reduced This is inteiestmg, since theie 
was an upset in salt metabolism m the cases desciibed m this papei 
In thnty-one cases of extensive cutaneous bums, Davidson^' found 
that theie is a definite fall in the chlorides of both whole blood and 
plasma, and claimed that in these cases the explanation does not he in 
the loss of fluids, the fevei, the concenti ation of blood or the lenal 
threshold, but that the fall appears to be due to disturbed chloiide 
metabolism with retention in the tissues We feel that this is 
significant, since it points out a possible lelationship to a similar 
mechanism m toxemias of other oiigin 

Lipschitz found that after ligation of the pyloius, vaiious sub- 
stances, including dextrose and sodium salts, when given intravenously 
would be secreted thiough the gastiic wall into the lumen of the stomach 
This might throw some light on the explanation of the loss of chloride 
in cases of obstruction and is confirmed by the claim of some (Richaid- 
son of Boston) that the fluid found m the intestinal lumen, proximal to 
an obstruction, contains 5 Gm of chloride per liter 

About three years ago, obstetric liteiature began to contain reports 
on the efficacy of the intiavenous administration of dextrose and insulin 

t 

13 Luckhardt and Rosenbloom Proc Soc Exper Biol & Med 19 129, 1921 

14 Dragstedt, L R , Phillips, K , and Sudan, A C Am J Phvsiol 65 368 
and 503, 1923 

15 Dragstedt and Peacock Am J Phvsiol 64 424 (Alay) 1923 

16 Fleming, A Brit J E\per Path 7 274, 1926 

17 Davidson, E C Sodium Chloride Aletabolism for Cutaneous Burns and 
Its Possible Significance for Rational Therap 3 ^ Arch Surg 13 262 (Aug ) 1926 

18 Lipschitz, W Khn Wchnschr 5 2008, 1926 
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ni treatment foi toxemias of pregnancy Dragstedt, one of ns (K P ) 
and Sudan/® at about the same time, wei e showing a close and interesting 
relationship between the toxemias of pregnancy and a syndrome pro- 
duced artificially m dogs When a careful sciutiny is made of expeii- 
mental woik on toxemias of pregnane}, acute dilatation of the 
stomach, parathyroid tetaii} , peiitonitis and the various forms of intes- 
tinal stasis and obsti uctions, one cannot avoid being peculiarly attracted 
to the eMdence of a close relationship between them all, intricately 
interwoven, and the question arises as to whether there is some basic 
underl}mg principle m common Thus the idea is kept in mind that any 
successful method of treatment for one condition might well be anal} zed 
and considered m its application to others 

In the loutine treatment of patients with tumors of the brain and 
other intracranial lesions, Kanavel and Davis, of the department of 
suigeiy of Wesley Hospital at Chicago, noticed that the intravenous 
administration of hypertonic solution of dextrose not only gave relief 
fiom intracranial pressure but invariably impioved the metabolism in 
general Holmes and Goldstme, of the medical and gynecologic depart- 
ments of this Jiospital, made a similar obseivation on patients with 
nephritis and uremia ivho v ei e being treated with dexti ose and insulin , 
in these patients, a marked diuretic effect was often observed 

TREATMENT 

On the basis of the afoiementioned expeiimental woik, together with 
clinical reports and obserA ations, we have worked out a combined medical 
and surgical method of handling these cases of toxemia The treatment 
consists of five parts, each of which has its own field and will be 
discussed later 

Briefly, our method is as follows 

1 A Rehfuss tube is passed into the stomach and the duodenum, where it is 
left for several dais, if necessari , during this period, hourly aspirations, washings 
and instillations are given 

2 A solution of dextrose in 50 per cent concentration is given intravenously, 
care being taken to administer it slowh The amount of each dose will varj 
from 40 to 100 cc , depending on the size of the patient At the end of the 
injection enough insulin to burn this dextrose, calculated on the basis of 1 unit 
per two grams of dextrose, is gnen hi podermicalh 

3 The blood stream is supplied with an excess of fluids ivhich produce better 
results if gnen a short time after the dextrose For this reason we prefer the 
mtraienous method to hj'podermocli sis m supplying these fluids We also prefer 
Ringer’s solution to phi siologic solution of sodium chloride, but owing to the 
general unfamihantv of the medical profession iiith its use it is customan to 
use the latter 


19 Dragstedt, L R , Phillips, Kenneth , and Sudan, A. C Am J Phi siol 
69 477 (Aug ) 1924 
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4 After the diuresis and the effect of the dextrose and saline solution are well 
under i\ay, an intravenous injection of 10 per cent solution of sodium chloride is 
given, varying in amount from 75 to ISO cc , according to the size of the patient 

5 High entertostomy is performed under local anesthesia m patients who fail 
to respond to the medical management as well as they are expected to 

It Will at once be noticed that the tieatment is lather geneiahzed 
Since eveiy case piesents an individual pioblem in itself, it is impossible 
to outline the tieatment m a definite ordei We have had some patients 
who weie moiibund and within eight hours we have earned out the 
entile tieatment, including entei ostom)^, and recoveiy has occtiiied In 
general, however, we handle our cases m about the ordei enumeiated 

In regal d to the number of cases that we have handled, we should 
like to call attention to the handicap undei which we have been woi king 
We aie ceitain that all will agree that clinical research done by those 
who ai e not connected with charity institutions is a slow and discoui aging 
process This work has been done almost entirely on pi ivate patients and 
on patients who have been lefened to us by other physicians Theiefore, 
although oui experimental observations began seveial yeais ago, we 
have to date been able to use this method of tieatment on only foity 
patients We aie convinced, nevei theless, that the lesults aie well 
founded, and dm mg the couise of subsequent cases theie will be little 
to add 

REPORT OF CASES 

We shall limit the cases described to four, which will well seive as 
examples of the efficacy of our method 

Case 1 — Mrs A, aged 23, weighing 100 pounds (45 4 Kg), was admitted to 
the hospital with a condition tentatively diagnosed as pelvic peritonitis On the 
second day, the diagnosis was changed to an “emergency case requiring abdominal 
operation ” Laparotomy revealed a diffuse, generalized peritonitis with a greenish- 
white exudate clinically resembling the pneumococcic type , smears, however, failed 
to reveal the organisms There was a deposit of fibrin over the visceral peritoneum, 
and the loops of the small intestine were kinked and bridged across with fibrin 
The loops, which were easily accessible, were freed, and the abdomen was closed 
with a dram Twelve hours later, the patient was moribund The abdomen 
was markedly distended and rigid The patient had excruciating pains, a pulse 
rate of 180 and a temperature of 96 8 F , she was vomiting brown fluid with a 
fecal odor A Rehfuss tube was passed into the stomach, and 600 cc of brown, 
foul-odored fluid was aspirated The stomach was washed and aspirated every 
half hour with dextrose and saline solutions The intravenous administration of 
40 cc of a 50 per cent solution of dextrose with 20 units of insulin hj'podermically 
was followed by 75 cc of a 10 per cent solution of sodium chloride given intra 
^ enously The patient was sj^mptomaticall}' relieved forty-five minutes after the 
treatment was completed The dextrose, insulin and chlorides were given every 
eight hours for the next twenty-four hours The patient made a complete recovery 
When seen recentlj, she was feeling entirely well This case is especially 
interesting, since clinically the condition seemed to be a pneumococcic peritonitis 
vith recover}' 
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C'VSE 2 — A boy, aged 12 3 ears, weighing 75 pounds (34 Kg), was operated 
on for appendicitis The appendix was purulent and showed beginning gangrene, 
but there was no perforation Due to adhesions, a purse-string suture could not 
be used and the appendix was merely ligated and excised at the base Immediateh 
after the operation the condition was satisfactory, but in about forty-eight hours 
the patient began to have excruciating abdominal pain, with visible peristaltic 
waves followed by vomiting, distention and dehvdration A Rehfuss tube was 
passed into the duodenum, and 400 cc of brown fluid was aspirated, 1,000 cc of 
saline solution was given by h} podermocb'^sis Hourly aspirations and washings 
with saline solution and lactose were given Three intravenous doses of 25 cc of 
a 50 per cent solution of dextrose, with 10 units of insulin hypodermically, were 
given, SIX hours apart The patient thereupon made a spontaneous recover} 
Evidenth a kink m the lower ileum had formed in the adhesions, producing an 
obstruction, and had later straightened out by itself It is our belief, however, 
that the medical treatment was responsible for tiding the patient over until the 
spontaneous recover}’' took place 

Case 3 — H, a man, aged 35, weighing 145 pounds (65 8 Kg), w’as admitted 
w'lth the questionable diagnosis of a perforated viscus Exploratory laparotoni} 
revealed a markedly distended gallbladder, which w'as twusted and failed to empty 
mi pressure The stomach, liver, duodenum and kidneys all appeared to be normal 
Cholecystectomy and appendectomy were performed Immediately after the 
operation, the condition seemed satisfactory, but six hours later there were 
severe abdominal cramps, followed by projectile vomiting and marked distention 
A Rehfuss tube w'as inserted, and 700 cc of a }ellowish fluid was aspirated 
Hourlv w'ashings, aspirations and instillations with saline solution and lactose 
w'ere given The intravenous injection of 75 cc of dextrose with 20 units of 
insulin h} poderimcally was followed by 150 cc of a 10 per cent solution of sodium 
chloride given intravenously With the continuous hypodermoclysis of saline 
solution at the rate of 1,500 cc every tw'elve or sixteen hours, vomiting ceased 
and the distention gradually decreased until hardl} any w'as present Dextrose and 
chlorides were given everv eight hours up to the third da} From the fifth to 
the eighth da\, the patient was given a semisoft diet and retained most of what 
he ate On the eighth day he developed severe abdominal pain with some vomiting, 
but the distention or the fecal odor to the vomitus did not return The patient 
manifested s}mptoms of shock and toxemia and died on the eleventh day Autopsv 
revealed a volvulus of the mesentery, with adhesions A segment of the lower 
part of the ileum had pushed through the loops in the mesentery, producing a 
complete obstruction with some gangrene This case is extremely interesting 
since at no time was there a diagnosis of organic obstruction on account of the 
atypical picture and the condition of the gallbladder at laparotomy, still, necropsy 
revealed a complete obstruction of eleven days’ duration, and the treatment had 
kept the patient alive for that length of time in spite of the obstruction 

Case 4 — Miss G, aged 35, weighing 115 pounds (521 Kg), had undergone 
hysterectomy one year before the present illness She was taken ill wuth abdominal 
pain and vomiting wdiile traveling on the train, and w’as admitted to the hospital 
moribund There w’as an acetone odor to the breath and 3 plus acetone in the 
urine, the pulse rate was 160, the respirations 45 Abdominal distention was 
present, w ith fecal vomiting A Rehfuss tube was inserted, and 500 cc of brownish 
fluid W'as aspirated Hourly washings, aspirations and instillations with lactose 
and saline solution were given, 80 cc of a 50 per cent solution of dextrose w'as 
administered intravenously with 20 units of insulin hypodermicall}, followed bv 
300 cc of a physiologic solution of sodium chloride intravenouslv In six hours, 
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75 cc of 10 per cent solution of sodium chloride was given intravenously In 
twenty-four hours, the patient was much improved, with normal breath and urine 
Treatment was continued for another twenty-four hours and a laparotomy per- 
formed This revealed a loop of ileum caught and obstructed in an adhesion , a twist 
in the mesentery formed a loop through which a second segment of ileum protruded 
and was obstructed like that m case 3 All who saw this patient agieed that if 
she had undergone surgical treatment on admission the outcome, in all probability, 
would have been fatal Because she was treated before the operation, she made 
an excellent recovery and has remained well 

COMMENT 

Just what pait the dextrose and insulin play and the mechanism of 
action are not entirely understood, and expeiimental woik on this 
paiticular phase of then action is somewhat lacking It is known that 
diuiesis IS piomoted by this method of treatment and is desiiable It 
has also been established that the intravenous administiation of dextrose 
m hypei tonic solutions will withdraw fluids from the tissue cells into 
the blood stream Metabolism, at least from a clinical point of view, 
seems to be stimulated That the dextiose will furnish some nourishment 
and energy is definite But even with this much established, we feel 
that there is still some mechanism unexplained which contributes to the 
efficacy of dextrose and insulin in these toxemias There is consideiable 
suggestion, from the experimental side, that there may be some fixation 
of these poisonous bodies to the cells In the presence of insulin it is 
probably ti ue that the dextrose is oxidized moi e i apidly, and the process 
may be thought of as a temporary excess of oxidation of the blood 
stieain It seems reasonable to suppose that this might play some pait 
in the chemistiy of individual cells which might tend to break up a link- 
ing or 111 some other way lender the poisonous bodies fiee in the blood 
stieam wheie they can subsequently be picked up and handled by 
Rmgei ’s solution and by the kidneys At least this much is ti ue W ith 
the administration of dextrose and insulin, the nonpiotein mtiogen inva- 
iiably decreases, without it, the nonpiotein mtiogen stays high 

Seveial workeis, especially m Europe, have claimed that after cells 
are subjected to the intravenous administration of hypei tonic solutions 
of dextiose they have a different susceptibility to radiation Cramer, 
Dickens and Dodds showed that cells of normal tissue contain insulin, 
while those of malignant tissue do not Warbung claimed that cells of 
normal tissue oxidize dextrose, while those of malignant tissue split 
dextrose to form lactic acid These claims would indicate that the oxida- 
tion of dextrose is dependent on the piesence of insulin at the site of 
oxidation If this is tiue, there is reason to believe that during the 
height of these toxemias the cell takes on a pathologic state in which 
the insulin at the site of oxidation is temporarily bound oi rendeied 

20 Cramer, Dickens and Dodds Brit J Exper Path 7 299, 1926 
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inactive This would also fit in with the clinical observation that dexti ose 
alone does not appeal to be as efficacious as when it is combined with 
insulin 

IN'Iuellei and the \Vieners claimed that the glycogenic function of 
the hvei is increased when insulin is deposited in the skin oi othei 
organs This increase is absent wdien the insulin is given inti avenoiisly 
The} concluded that there is a paiasympathetic nerve stimulation dining 
the time the insulin exists as a deposit, which is independent of the 
hoimone action present during the time that the insulin is m the circula- 
tion If this IS true, it is possible that subsequent to the hypodermic 
deposit of insulin, other functions of the liver, especially those of detoxi- 
cation and nitrogen metabolism, aie increased This theory would fit in 
with our clinical observation that insulin when given hypodermically 
appeals to be moie efficient in these toxemias than when given 
intravenously 

Man} othei references m the hteiatuie contain valuable suggestions 
as to the action of dextrose and insulin, but further comment seems 
impiacticable within the scope of this paper From the present observa- 
tions, however, and the study of othei work, we feel that in the action of 
dexti ose and insulin in these conditions there is probably some mech- 
anism in the chemistry of individual cells which as yet has not been 
explained 

Theie have been, especially lecently, a group of warm advocates foi 
the intravenous injection of hypertonic saline solution in cases of 
obstiuction The work was probably initiated by Haden and Orr® on 
the basis of the constant fall in chlorides, later, several other favorable 
lepoits appealed 

In a caieful analysis of the entire situation, however, we cannot help 
but feel that the decrease in chlorides is due to an upset in chloride 
metabolism plus the loss of chlorides in the fluid secreted into the lumen 
of the bowel and in vomiting, which has been shown to be 5 Gm pei 
liter , a possible third factor is the toxic bodies A similai decrease in 
chlorides following cutaneous bums and a similar explanation foi it 
weie found by Davidson^" Lipschitz found secretion of chloiides 
into the lumen of the stomach after pyloiic obstruction Dragstedt and 
Luckhaidt®® said that the low'eied blood calcium in their cases of 
toxemia occuiimg after pai athyroidectomy w'^as a result of the toxemia 
If this IS true, why is it not possible that the chloride ions are in some 
way bound oi linked at the expense of the blood chloride level ^ If such 
reasoning is correct, it is possible that a binding of the chloride ions 
could set free an excess, so to speak, of the sodium and other positne 

21 Mueller, E F , Wiener, H J, and Wiener, R E Mechanism of Insulin 
Action, Arch Int Med 37 512 (April) 1926 

22 Dragstedt, L R, and Luckhardt, A B Endocnnologj 8 657 (Sept) 1924 
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ions in the blood and thus account, in part at least, foi the appaient 
alkalosis that is piesent In biief, we feel that the deciease in the blood 
chloiides IS a result of the toxemia and lepiesents only one pait of the 
pictuie A tieatment aimed only at lestoimg the chloiide level, while 
efficacious, is so neveitheless for only one phase of the S}ndrome 

This theoiy has been boine out m oui clinical patients m whom ve 
have limited the tieatment to the intiavenous injection of hypei tonic 
salt solution and latei have added the other paits of the combined 
ti eatment 

We feel that the Rehfuss tube accomplishes thiee things that aie 
easily explained First, it selves as a method of at least paitial drainage 
We have lepeatedly aspnated as much as from 700 to 800 cc of a 
brown, foul-smelling fluid on the initial mtioduction of the tube, and 
one houi later one-half as much as at the fiist aspiiation Aftei slow 
aspiiation until no moie fluid leturns, the stomach and the dilated bowel 
can be washed and reaspirated until the letuin is clear Dragstedt 
showed the value of diainage and frequent washings in cases of paitial 
obsti uction 

A second use foi the Rehfuss tube is to supply food and fluids At 
the end of each washing, fioni 30 to 60 cc of fluid or dextrose solution 
can be instilled thiough the tube and left until the subsequent aspiiation 
the following houi In this connection an mteiesting and almost constant 
tram of events happens In the laige majoiity of cases, dm mg the fiist 
three oi foui aspiiations the leturn will be far in excess of the amount 
instilled one houi pieviously, even though no fluid could be aspnated 
before the measuied amount was instilled At about the fourth oi fifth 
aspiiation, the amount letuined will begin to be less than that instilled 
one houi previously, and this will continue until no fluid is aspirated and 
the amount of instillation can be increased This has happened m 
patients who latei have been pioved, at opeiation, to have complete 
obsti uctions 111 the ileum Vomiting will almost invariably cease with the 
fiist aspiration and washing 

We have aheady discussed the relationship of the intestinal floia 
to the foimation of toxins and the ability to change the intestinal 
metabolism bj’’ diet as fiist shown by Kendall Although the Chicago 
woikers-'^ failed to be able to cause an aciduiic floia to be retained in 
the intestine following oiganic obsti uction m a closed abdomen, we 
feel, neveitheless, that theie is a possibility of more successfully accom- 
plishing this if a Rehfuss tube is employed oi an enterostomy done, when 
lepeated aspiiations and washings are possible We have therefoie 
1 ecently used lactose solution for instillation and aspiration , while it has 

23 Kendall, A I Gastio-Intestinal Bacteriology, Philadelphia, Lee & 
Febiger, 1916 

24 Cannon, Dragstedt and Dragstedt J Infect Dis 27 139 (Aug) 1926 
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been possible to notice a change in the coloi , odoi and reaction to litmus 
of the returned intestinal contents, our bactenologic work is not yet 
complete and we cannot report the observations at this time 

The part played by high enterostomy, we believe, is self-explanatoiy 
111 some respects, and in others we feel that it is as yet undetermined 

Macrae^® gave excellent comments on the subject, including the 
technic, and his results are noteworthy In the Rochestei (New Yoik) 
Geneial Hospital, with which one of us (W PS) has been associated, 
eaily high enterostomy has proved effective m many cases, especially 
with the intravenous administration of sodium chloiide We belieie 
that high enterostomy has a definite place m the treatment, and m our 
clinical experience we feel that it has been a factor m saving patients 
who would not have been saved b}^ our treatment minus this factor It 
is certaml} true that high enterostomy gives a much better and freer 
method foi drainage and washing than the Rehfuss tube Whether oi 
not the admission of free air into the lumen of the intestine plavs a 
definite role in the anaerobic metabolism, as suggested by Williams, we 
are unable as yet to sai 

Thiough the continuous vigilance in each case during its entire 
course, we have found that we are able to determine with pronounced 
accuracy, when the patient is beginning to fail to respond to the medical 
tieatment as well as expected and at the first manifestation of unfavoi- 
able signs we subject him to high enterostomy, under local anesthesia 
We aie convinced from experience that this is early enough, and ne are 
just as emphatic m cautioning against waiting too long In this respect 
we do not agree wnth Macrae as to enterostomy done as a routine at the 
onset of the condition ^Ve heartily endorse, however, his opinion 
regal ding the impossibility of draining the abdominal cavity by a small 
tube till ough an incision in the skin W e are convinced that the medical 
treatment will suffice in many of the cases, and that enterostomy vill 
thus be unnecessary However, at the first recognition, and early recog- 
nition IS imperative, that the patient is beginning to lose ground under 
medical tieatment, a high enterostomy should he done under local anes- 
thesia, 111 the middle of the night, if necessary, for we feel that delay 
at this point will counteract all that has been gained previously After 
enterostom) has been performed, we beliere that irrigations and instilla- 
tions with lactose solution are of \alue 

As a biief anal} sis of our series as a whole, we have attempted to 
group the forty cases according to etiology Twenty cases were due to 
paralytic or ad}namic ileus and general peiitonitis (not including strepto- 
coccic invasion) , ten to postoperative obstruction, either immediate or 
late, five to strangulated hernia, tno to volvulus, one of which was 
sti angulated , two to carcinoma of the colon, and one to hematogenous 
peiitomtis probabh pneumococcic in oiigin There was a mortaliti of 
four cases, oi 10 pei cent which we feel certain is low 
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SUMMARY AND CONCLUSIONS 

1 Both expel imeutal and clinical evidence indicates that patients 
with the vaiious forms of obstruction of the bowel, ileus and septic 
invasion of the peritoneum, not including streptococcic invasions, all 
have the underlying factoi of toxemia i elated definitely to piotem 
metabolism within the intestine by bacteiial action 

2 The evidence indicates that the toxemia is the piimaiy factoi 
following the initial condition, and that the symptoms and changes in 
the blood chemistry are secondaiy to it 

3 In these patients the condition is usually far advanced by the time 
they leach the suigeon, and they lepiesent a class of extremely poor 
siiigical iisks, if operation is peifoimed immediately, a high moitahty 
late lesults Possibly one exception to this is the cases of sti angulation 

4 We have shown a combined medical and suigical method of 
ti eating these patients which will tide them over until eithei a spon- 
taneous recoveiy takes place or, if a lapaiotomy is lequiied, they'’ aie in 
much better condition foi operation, by this method the moitahty is 
greatly i educed When a diagnosis of strangulation has been made and 
immediate lapai otomy is indicated, we advise giving dexti ose and hypei - 
tonic saline solution intravenously just piioi to the opeiation 

5 The entire mechanism by which dexti ose, insulin and hypertonic 
saline solution act in these cases is not yet understood 

6 Moie bactenologic investigation is indicated, which we now have 
in piogiess 

7 We wish to emphasize that theie aie certain impoitant details in 
each case that are based almost on intuition lathei than on any 
expiessible faculties, and we feel that they are of the utmost impoitance 
111 helping one to choose just which application to make at the proper 
time In the cases of strangulation, surgical inteivention within a shoit 
time is indicated, but if the intravenous administration of dextrose and 
saline solution precedes the surgical measures, the patient will be a much 
bettei risk and, fiom our expeiience, will have a far better convalescence 
We believe that oui results will be confirmed by those who understand 
oiii fundamental basis thoroughly befoie attempting to use this method 



EFFECTS OF DIATHERMY TREATMENTS 
ON TEMPERATURE-^ 

WILHELM STENSTROM, PhD 

AND 

PAUL NURNBERGER, AB 

MINNEAPOLIS 

This investigation was earned out to deteimine the influence of 
loiitine diatheini)’’ tieatments on the geneial tempeiature of the patient 
and on the temperature of the surface of the skin undei and adjacent 
to the electi odes The tenipei atm es w^ere measui ed by a thei mo-electi ic 
method Coppei -ad^ ance couples weie used One junction ivas kept 
near the body tempeiature m a thermostat similai to the one described 
by Claik/ with a variation less than 0 02 C The other junction was 
placed inside a hj^podeimic needle and soldeied to the point of the 
needle The temperatures were detei mined by means of a galvanometer 
The general temperatures of thiity-two patients receiving routine 
treatments were studied A Victor diatheimy machine was used The 
temperature was recorded at the beginning and at the end of the treat- 
ment by placing the variable junction of the thermocouple undei the 
tongue of the patient The aieas tieated consisted of the knees shoul- 
ders, ankles, feet and vaiious paits of the back The duiation of treat- 
ment vaiied fiom fifteen to thiity minutes the curient fiom 375 to 1,000 
milhamperes and the change in temperature fiom 0 00 to 0 85 C The 
bod)' temperature of most of the patients increased only about 0 10 degiee 
Patients whose temperatures w'ere beloiv noimal at the beginning of 
tieatment experienced the gieatest inciease It Avould be expected that 
the geneial temperatuie should increase the most when laige cuiients 
wei e used and when the) had a relatively long path through the tissues , 
also that the use might be moie pionounced the longer the treatment 
No such relations were found 

The local sin face tempeiature of twelve patients was studied Foi 
some of these patients the same aiea was treated on difteient dais and 
also difiteient areas each day In this ivay, the vaiiations in temperatuie 
weie studied dining thiity-eight tieatments In order to measure the 
change m the local surface tempeiatuie, the variable junction of the 
theimocoujde was placed in contact with the skin and beneath the active 
electi ode of the diathermy machine Some measurements ivere also 

Submitted for publication, Juh 9, 1929 

From the Laboratorj of Biophysics, Universit}'^ of Minnesota 
1 Clark Harry The kleasurement of Intravenous Temperatures, J Exper 
:\Ied 35 385, 1922 
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made to determine the lelative tempeiature under diffeient paits of the 
electiode and on the skin in the immediate vicinity of the electiode 
It was found that when theie was uniform contact between electiode 
and skin, the temperatuie increased the most under the cential poition 
of the electiode and decreased slightly toward the edges of the electrode 
Beyond the electrode the temperature increase fell oft rapidly and was 
hardly measuiable at a distance of 15 cm The electrodes consisted of 
felt (spongiopihn) soaked in a fairly concentrated solution of sodium 
chloride The uppei surface of the felt was attached to coppei gauze 
which m tuin was connected to the diathermy machine by a flexible 
wiie The size of the electrodes and the current used foi the vaiious 
aieas were foi the ankle a 4 by 8 cm electiode and from 400 to 500 
milhampeies cuirent, foi the knee, 6 by 10 cm and from 500 to 1,000 
milliampeies , for the back and shoulder, 9 by 16 cm and 1,000 milh- 

Table 1 — Effect of One Diathenny Ttcatincnt on Teinpei atm c 


Minutes 

Temper 
ature, C 

Minutes 

Temper 
ature, C 

Minutes 

Temper- 
ature, 0 

0 

347 

12 

40 0 

21 

410 

1 

35 0 

13 

40 2 

25 

40 8 

2 

35 4 

14 

40 5 

20 

40 8 

3 

36 0 

15 

40 7 

27 

40 7 

4 

30 5 

10 

40 9 

2b 

40 7 

0 

372 

17 

410 

29 

40 6 

G 

378 

18 

410 

30 

40 6 

7 

382 

19 

n 0 

31 

40 6 

8 

389 

20 

415 

32 

40 5 

9 

39 0 

21 

41 5 

S3 

40 5 

10 

391 

22 

410 

34 

40 5 

11 

390 

23 

410 

35 

40 5 


* Position oi electrodes in front and rear of right shoulder, position of thermocouple- 
midpoint of electrode in rear of right shoulder, area treated, 9 by 10 cm , vith a current of 
1,000 niilliampcres 

ampeies The curient was applied foi from thirty to thirty-five minutes 
in all tieatments refeiied to m the tables 

Temperature leadings weie recorded at the beginning and at the 
end of each minute of tieatment Charts 1 and 2 are typical giaphs 
obtained by plotting the temperatuie as a function of the duiation of 
treatment Table 1 gives a detailed lecord of the effect of one tieat- 
ment on the tempeiature Table 2 gives a summary of the thiity-eight 
tieatments 

The figures show clearly that the temperatuie increases lapidly at the 
beginning of the tieatment, then moie slowly, reaching a maximum 
fiom fifteen to thirty minutes after the beginning of the tieatment As 
a lule, it then falls off slightly and soon reaches a constant value It 
was inteiesting to note that the patient usually staited to perspire at 
the time the maximum tempeiatuie was legisteied E\identl\ the cool- 
ing effects due to increased circulation of the blood, perspiration and 
ladiation, balanced the heat tiansfeired by the electric curient when 
the constant temperatuie was reached Fiom table 2 it can be seen 
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Chart 1 — Topical graph obtained b\ plotting the temperature as a function 
of the duration of treatment 


0 Z 4 6 8 10 IZ 14 16 18 ZO ZZ Z4 Z6 ZB 30 3Z 34 36 

Time in minutes 

Chart 2 — Typical graph obtained by plotting the temperature as a function 
of the duration of treatment The white circles indicate the first treatment, the 
white circles within the white circles indicate the second treatment, the black 
circles within the white circles, the third treatment, and the x’s, the average 
treatment 
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that when othei factois aie about the same, the skin aiea is heated to 
a highei temperatuie when its initial temperatuie is low than when its 
initial temperatuie is highei This is easy to undei stand when it is con- 
sideied that the heat tiansfei depends on the cii dilation The weakei 
the cii dilation in the neighboihood the less heat is earned to a suiface 
oiigmally below body temperatuie and thejess heat is earned away fiom 
a suiface heated above body tempeiatuie 


Table 2 — Siivnnaiv of Thv ty-Eight Tt eatment'; 
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Temperature, 0 


Maxi- 
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Milh 



Ma-s. 1 - 

In 

Temper- 

No 

P itient 

Location 

amperes 

Initial 

Pinal 

mum 

crease ature 

1 

K B 

Right shoulder 

1,000 

34 7 

40 5 

41 5 

68 

20 

1 

M S 

Right ankle 

400 

20 5 

321 

321 

116 

30 

2 

M S 

Right ankle 

400 

23 7 

29 2 

29 0 

59 

SO 

2 

M S 

Left ankle 

400 

20 3 

381 

38 3 

12 0 

30 

1 

M S 

Left ankle 

400 

29 7 

301 

36 2 

65 

25 

1 

D 

Right knee 

075 

29 0 

43 7 

44 8 

15 8 

32 

2 

D 

Right knee 

975 

30 2 

43 0 

43 6 

13 4 

33 

2 

M H 

Right knee 

950 

20 7 

43 0 

43 6 

22 9 

31 

1 

M H 

Right knee 

950 

273 

42 4 

43 6 

10 3 

35 

1 

M H 

Right knee 

950 

28 1 

38 3 

38 5 

10 4 

25 

3 

0 B 

Right knee 

975 

SOS 

39 7 

307 

89 

29 

1 

O B 

Right knee 

975 

319 

390 

39 0 

71 

33 

2 

0 B 

Right knee 

975 

32 0 

40 4 

40 4 

84 

S3 

1 

L W 

Right knee 

1,000 

25 2 

42 2 

43 9 

18 7 

17 

2 

L W 

Right knee 

1,000 

313 

37 5 

37 5 

62 

10 

1 

L W 

Left knee 

1,000 

27 0 

370 

414 

14 4 

15 

8 

M S 

Left knee 

500 

24 5 

46 8 

48 6 

24 1 

22 

5 

M S 

Left knee 

500 

201 

397 

39 7 

13 0 

33 

2 

M S 

Left knee 

500 

280 

377 

37 7 

97 

29 

i 

M S 

Left knee 

500 

29 2 

41 0 

42 3 

131 

22 

1 

M S 

Left knee 

500 

295 

43 6 

43 6 

14 1 

31 

8 

S 

Right knee 

500 

24 4 

44 5 

447 

203 

20 

5 

M S 

Right knee 

500 

25 8 

43 7 

44 2 

18 4 

25 

1 

M S 

Right knee 

500 

275 

42 9 

44 2 

16 7 

14 

2 

M S 

Right knee 

500 

28 3 

37 0 

37 0 

87 

31 

4 

M S 

Right knee 

500 

300 

389 

29 5 

95 

27 

1 

W 

Right knee 

750 

280 

41 6 

41 9 

13 9 

26 

1 

W 

Right knee 

750 

295 

45 5 

462 

10 7 

14 

2 

H N 

Left knee 

850 

24 5 

41 6 

417 

17 2 

24 

3 

H N 

Left k-nee 

850 

257 

412 

412 

15 5 

27 

1 

H N 

Left knee 

850 

28 0 

361 

361 

81 

33 

1 

K B 

Right ankle 

500 

27 7 

401 

40 6 

12 9 

27 

2 

K B 

Right ankle 

500 

298 

397 

39 8 

10 0 

31 

1 

M K 

Back 

1,000 

324 

39 9 

41 9 

95 

13 

2 

M K 

Back 

1,000 

330 

41 5 

42 1 

91 

19 

3 

M K 

Back 

1,000 

334 

40 0 

40 3 

69 

21 

1 

M P 

Back 

1,000 

337 

40 7 

41 0 

73 

22 

2 

M P 

Back 

1,000 

337 

40 9 

41 2 

7 5 

23 


CONCLUSIONS 

1 The centei of the electrode is the point of highest temperature 

2 1 he diathermy ti eatments given produced little effect on the gen- 
eial tempeiatuie of patients whose geneial tempeiatures aie normal 
at the beginning of the tieatment 

3 In most cases observed, a maximum suiface tempeiatuie was 
leached between the twentieth and thiitieth minute of treatment 

4 An aiea having a i datively low suiface temperature at the begin- 
ning of tieatment undei goes a gi eater increase in tempeiature than 
does one having a moie noimal tempeiature at the beginning of the 
treatment 



MENINGO-ENCEPHALITIS DUE TO TORULA 
HISTOLYTICA ^ 

WILLARD J STONE, MD 

AND 

B F STURDIVANT, MD 

PASADINA, calif 

The liteiature on the compai atively rare condition called meningo- 
encephalitis contains descriptions of eighteen authentic cases of Tonila 
infection The subject was thoroughly leviewed in 1916 by Stoddaid 
and Cutler,^ in 1924 by Sheppe “ and in 1925 by Shapiro and Neal ^ A 
gieat many cases in the past must have simulated tuberculous meningitis, 
tumor of the brain oi epidemic encephalitis The cases shown in 
table 1 have been regarded as tiue instances of torulosis confiimed by 
culture and for) tissue studies An additional instance of the infection 
IS added to the hteratuie m the case heiewith leported 

Fouiteen of the nineteen cases involved the central neivous system, 
two, the cential nervous system and lungs, one, the lumbar muscles and 
vertebi al column , one, the pelvic and inguinal tissues, and one, the lungs 
All cases involving the central nervous system have resulted fatally The 
youngest patient m the series was 13 years and the oldest 57 The cases 
have been widelv distiibuted Including the patient whose case is 
lepoited seven of the nineteen patients were from California'* 

Submitted for publication April 29 1929 

Read before the Los Angeles Countj^ Medical Association, April 18, 1929 

1 Stoddard, J L, and Cutler, E C Monogr Rockefeller Inst M'd 
Research, 1916, no 6 

2 Sheppe, W M Am J M Sc 167 91, 1924 

3 Shapiro, L L, and Neal, J B Torula Meningitis, “krch Neurol &. 
Psj'chiat 13 1/4 (Feb ) 1925 

4 To these eighteen cases should possiblj he added the case reported In 
G H Hansmann (Boston M & S J 190 917, 1924) m which tuberculous 
meningitis was considered the cause of death at autopsy of a man, aged 45 
Subsequent microscopic examination of sections from the meninges showed an 
organizing exudate characterized bv newly formed fibrous tissue which contained 
many giant, endothelial, lymphoid and plasma cells, and areas of necrosis In 
the lesion, yeastlike organisms w'ere found, many of which w'ere included in 
giant cells It w'as mentioned that the necrotic areas contained many pol)- 
morphonuclear leukocjtes In oidiomycosis poh morphonuclear leukoc\tes are 
commonly found m the exudate In torulosis such observations are uncommon 
Cultural studies w'ere not made Likew'ise, the case reported by C A. McKendree 
and L H Cornwall (Meningo-Encephalitis Due to Torula, Arch Neurol & 
Psychiat 16 167 [Aug ] 1926) should probably be included because of the clinical 
and microscopic observations Their patient avas a woman, aged 50 Yeastl ke 
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CLASSIFICATION OF THE BLASTOMYCETES 

Tolula, Oidiuin and Momha have been classified as fungi impel fecti 
undei the group Blastoiiiycetes These oiganisms include Momha 
psilosis, believed by Ashfoid to beai an etiologic i elation to spiue, 
Oidiwn, identified by Gilchrist'^ as a cause of paiasitic deimatitis, 
Oidtwn albicans present in the parasitic stomatitis known as thiush, as 
well as other vaiieties of Oidia piesent in systemic invasions, and Toiula 
(table 2) 

Stoddard and Cutlei weie the first to diffeientiate the lesions pio- 
duced by Touilae and Oidta These oiganisms differ from the tiue 
} easts (Sacchai oinyccs) in the constant absence of endospoie production 
and their more marked pathogenicity for animals Stoddaid and Cutlei 
have stated that the true yeasts aie but feebly pathogenic foi animals, 
and that to 1916 theie were but two authentic infections in man, both of 
which included lesions of the skin It is possible that some of the cases 
reported by Bleed® were instances of such infection The organism 
which was identified by her as Saccharomycete was pathogenic for mice, 
rabbits, guinea-pigs and monkeys The oigamsm was obtained fiom the 
sputum of two patients with obscure conditions of the lungs 

The first spontaneous case of torula infection was desciibed by 
Fiothingham' in 1902 and occuiied in a horse Toiidac are widely 

cells were found in the spinal fluid, but were at first believed to be a contamination 
A second specimen of spinal fluid was not obtained as the patient left the hospital 
The duration of the illness was about seven and one-half months Only the brain 
was examined after death Their studies led to the conclusion that the cause of 
death was a progressive meningo-encephalitis due to Torula To these cases 
should be added the one reported by B Z Rappaport and B Kaplan (Generalized 
Torula Mycosis, Arch Path 1 720 [May] 1926) Their patient was a man, 
aged 54, whose illness covered a period of from four to six months Four spinal 
fluid cultures contained yeastlike organisms Four blood cultures likewise con- 
tained pure cultures of similar organisms Cultures from the nasopharynx and 
from an indurated crusted papule on the forehead also contained the same yeast- 
like organisms At autopsy lesions were found in the central nervous system 
and lung They concluded that the meningitis due to Torula possibly originated 
from a sphenoidal sinusitis which was followed b 3 '^ a generalized torulosis including 
many organs After the death of the patient they obtained, in addition, cultures 
of oidium-like organisms from the spinal fluid, the sphenoid sinus, the temporal 
fossa, the suprarenals, from an abscess in a pulmonary lobe and from the bone 
marrow Repeated attempts to isolate torula organisms were made without success 
They have suggested the possibility that the postmoitem strains were mutation 
strains of those found before death, or that the postmortem strains overgrew 
the antemortem organisms 

5 Gilchrist, T C Johns Hopkins Hosp Rep 1 269, 1896 

6 Breed, L M Further Observations with a Saccharom 3 'ces J A ]\I A 
61 472 (Aug 16) 1913 

7 Frothingham, L J M Research 8 31, 1902 



562 


ARCHIVES OF INTERNAL MEDICINE 


distributed in nature The}'^ have been found in the eaith, in the nests 
of insects and on trees and fruits A number of varieties have been 
described T o; itlae multiply by budding, and do not produce endospores, 


Tablf 1 — Tme Instances of Tomlosis 


Number 



Organs 

Diag- Duration of 


of 




Chiefly 

nosis 

Disease, 


Cases 

Se\ 

Age 

Race 

Involved 

Made 

Months 

Result 

Ion Hanoeimnn Verhandl 
d deutsch path Gessel 
Isch 9 21, 1906 

1 

M 

IS 

German 

Central 

nervous 

system 

Post 

mortem 


Fatal 

Turck, W , Arch f klin 
Med 90 335, 1907 

1 

F 

43 

Austnan 

Central 

nervous 

system 

Post- 

mortem 

lYc 

Fatal 

Brewer, G E , and Wood, 
F C Ann Surg 4S 
SS9, 190S 

1 

jM 

20 

Russian 
(New Tork) 

Abscess By cul 
of lumbar ture 
muscle and 
vertebral 
column 

5 

Recovered 

Rusk, G T Univ Calii 
Pub Path 2 47, 1912 

Rusk G T Univ Calif 
Pub Path 2 47, 1912 

1 

1 

M 

57 

German 

(California) 

German 

(California) 

Central 

nervous 

system 

Central 

nervous 

system 

Post- 

mortem 

Post- 

mortem 

About 

10 

1 

Fatal 

Fatal 

Stoddard and Cutler i 

1 

F 

42 

American 

(Florida) 

Central 

nervous 

system 

Post 

mortem 

SVa 

Fatal 

Stoddard and Cutler ^ 

1 

M 

39 

American 

(Massachu 

setts) 

Central 

nervous 

system 

Post 

mortem 

3 

Fatal 

Pieison PH JAMA 
69 2179 (Dec 29) 1917 

1 

M 

57 

Amencan 

(California) 

Central 

nervous 

system 

Post 

mortem 

1% 

Fatal 

Evans N California State 
J Med 20 SS3, 1922 

1 

M 

13 

Mexican 

(California) 

Central 

nervous 

system 

Ante 

mortem 

1% 

Fatal 

El ans, N California State 
J Med 20 383, 1922 

1 

F 

20 

Mexican 

(California) 

Central 
nervous 
sj stem 

Ante 

mortem 

2)4 

Fatal 

Bettin M E California & 
West Med 22 9S, 1924 

1 

F 

40 

Amencan 

(California) 

Central 
nervous 
sj stem 

Ante 

mortem 

1% 

Fatal 

Freeman, W , and Weid 
man, F -iLrch Neurol & 
Psychiat 9 5S9 (Maj ) 1923 

1 

M 

39 

American 

(Pennsyl 

vania) 

Central 

nervous 

system 

Ante 

mortem 

4 

Fatal 

Sheppe - 

1 

M 

48 

American 

(Virginia) 

Lungs 

Post 

moitem 

6 

Fatal 

Shapiro and Neal ^ 

1 

M 

IG 

Amencan 
(Nen York) 

Central 

nervous 

system 

Ante- 

mortem 

7 

Fatal 

McGehee, J L , and Michel 
son I D Surg Gjnec 

1 

F 

26 

African 

(Tennessee) 

Inguinal 

abscess 

By cul 
ture 

6)4 

Rccov ered 

Obst 42 803, 1926 

Lj nch, F B and Rose, E 
Am J Clin Med 4 755 
1926 

1 

M 

46 

Jewish 
(Pennsyl 
a ania) 

Central 

nervous 

system 

Ante 

mortem 

5 

Fatal 

Hall, G W Hirscli, E F , 
and Mock H Arch 

Neurol & Psjchiat 19 

1 

M 

33 

Amencan 

(Illinois) 

Central 

nervous 

system 

Ante 

mortem 

1 

Fatal 

GS9 (April) 1928 

Hirseh, E F , and Cole 
man, G H JAMA 
92 437 (Feb 9) 1929 

1 

F 

30 

African 

(Illinois) 

Lungs 

central 

nervous 

system 

Ante 

mortem 

5 

Fatal 


fermentation of the sugars or mycelia in tissue or in culture Oidia 
likewise multiply by budding and do not produce endospores, but they 
■do produce fermentation of the sugars, and mycelia are developed in 
cultuie The staining charactei istics have been described as follows 
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To) Ilia cells stain diffusely with methylene blue (methylthionme chloiide, 
U S P ) or hematoxylin, while oidia cells ai e not readily stained by these 
dyes The cell products of Tonda aie of gelatinous consistency and the 
exudate pai takes of this quality It was this charactei istic that piompted 
Stoddaid and Cutler to suggest the name Toriila histolytica 

It IS safe to conclude that cultural ciitena have not been followed m 
many cases reported as systemic blastomycosis, with the lesult that some 
of the instances so reported may have been due to Toriila It may be 
moie academic than useful to attempt such differentiation in a compara- 
tively raie condition In the inteiest of accurate nomenclatuie it will be 
of value if differentiation by cultuie studies is used m future lepoits, at 
least until moie information is available Such diffeientiation may not 
always be possible, as happened m the case described by Rappaport and 
Kaplan More than forty cases of systemic blastomycosis, or oidio- 

Tabte 2 — ClasstHcation of the Blastoinycctcs 


■Seliizom;eetes 
(fission fungi) 


Fungi 


Eiimycetos 
[(true fungi) 


(BTcternccae 




Saccharomyees ] 

Phveomjcctcs 

Aseomycetcs 

(true veasts) 

(algal fungi) 

Ooccidioides ( 

Limmitis J 

Mycomycotes 

Basidiomycctes 

Torula 

(blastomycetes) 



Fungi impel 

Oidium 


fecti 

Momha 

Dematium 


formation 


No endospore 
formation 


* Tins classification lias been sliglitlj modified from that given b> Sheppe, which vas 
based on the publications of Klocker (Fermentative Organisms, Nev Yorl., Longmans, Green 
& Co , 1903) and Weis (J M Research 7 280, 1902), with modifications suggested by I F 
Leu is of the Department of Biology, University of Virginia 


mycosis, have been leported Many more instances of local cutaneous 
lesions pioduced by Oidm have been leported These include the cases 
desciibed by Eisendrath and Oimsby,® Krost, Moes and Stober,'’ 
Bechtel and LeCount,^” Riley and LeCount,^’^ Lewison and Jackson, 
Myei s and Stober and W ilhelmj 


8 Eisendrath, D N , and Ormsby, OS A Case of Systemic Blastomycosis, 
with Blastomycetes m the Sputum, J A M A 45 1045 (Oct 7) 1905 

9 Krost, R A , Moes, M J , and Stober, AM A Case of Systemic Blasto- 
mycosis, J A M A 50 184 (Jan 18) 1908 

10 Bechtel, R E , and LeCount, E R A Case of Systemic Blastomj^cosis 
with NecropsJ^ Arch Int Med 13 609 (April) 1914 

11 Riley, F B, and LeCount, E R A Case of Sj'^stemic Blastomycosis, 
Arch Int Med 13 614 (April) 1914 

12 Lewison, M , and Jackson, H A Case of S 3 'stemic Blastom 3 ’^cosis, Arch 
Int Med 13 575 (April) 1914 

13 A'Bers, H J, and Stober, AM A Case of Systemic Blastom 3 'cosis, 
Arch Int Med 13 585 (April) 1914 

14 Wilhelmj, C AI Am J AI Sc 167 91, 1924 
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CLINIC VL ASPECTS 01 TORULOSIS AND OIDIOMTCOSIS 

Aside fioni the cultural diflfeiences, oidiom3fcosis has been found to 
differ chnicall}^ from toiulosis in seveial ways which aie not alwais 
chaiactenstic In torulosis the organisms have been found to haie 
predilection for the cential neivous system and lungs, although the livei, 
spleen and kidneys may also be affected The skin oi bones have lalel^ 
been involved The clinical couise has been characterized by chionicity 
with model ate fevei and slight leukocytosis Pathologically, nodules 
composed of giant and epithelioid or lymphoid cells have been found 
Polymorphonucleai leukocytes have not been found in the nodules or the 
exudate When caseation has been found, it has been believed to have 
lesulted fiom the lytic action of the organisms or then products 
1 ouila infection has shown marked pathogenicit} for mice and lats, 
while labbits, guinea-pigs and dogs have been onl) slight!} susceptible 
\\ hen mtraperitoneal injections aie made into animals, the lesions have 
been found to involve the meninges and hi am lungs hvei and spleen 
The peiitoneum has been hut slighth involved No known therapeutic 
agent has been found of value in tieatment 

In oidiomycosis the lesions have been found to m\oKe the skin and 
bones, but the} may involve all oigans The lesions have been found 
to consist of nodules with oi without caseation and of supeificial or deep 
abscesses which contained many polymorphonucleai leukocytes The cell 
products or exudate does not paitake of a gelatinous consistency The 
oiganism has been found but slightly pathogenic for all experimental 
animals When mtraperitoneal inoculation has been made, a marked 
local peiitoneal leaction has occurred While other organs may be 
involved the central nervous system has usually been spaied The 
iodides have been found of value in tieatment 

REPORT OF CASE 

Histoiy — H S McG, a surgeon on the staff of the Pasadena Hospital, aged 
51, consulted Dr Rov R Miller on Jan 10, 1929, because of intermittent headache 
of about one week’s duration In 1920, he had an attack of right frontal sinusitis 
vhich was relieved b}" an intranasal operation At the time of examination there 
Mas no fe\er, and the pulse rate was 64 In the region of the right middle meatus, 
scar tissue Mas evident from the earlier removal of the anterior portion of the 
middle turbinate In the left nares a small polyp arising from an anterior ethmoid 
cell M'as seen beneath the middle turbinate Farther back between the middle 
turbinate and the septum M^as a larger polyp which obstructed the view of the 
anterior sphenoidal wall The frontal sinuses and antrums transillummated mtH 
The roentgenologic interpretation of films of the nasal sinuses pointed to the 
presence of a chronic infection of the left ethmoid sinus and the right maxillary 
sinus (Dr Carl Parker) The lower second bicuspid Mas a nonvital tooth, but 
the roentgenograms revealed no recognizable changes at the apex, and it was 
believed that the teeth were not a probable source of infection The urine M'as 
normal On Tanuarv 17, with the patient under local anesthesia, the tM'o pohps in 
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the left nares were removeJ Examinations with the nasopharjngoscope revealed 
that the larger polyp originated in a posterior ethmoid cell The left anterior 
sphenoidal wall appeared normal, as did also the right posterior ethmoid area 
and the right sphenoidal wall The ocular fundi were normal The headache 
was not relieved by the removal of the polyps 

E'i animation — The patient was examined by Dr Stone on Januarj 22 The 
headache was occipital and intermittent There was an absence of rigidity of 
the neck, nausea and Kernig’s sign The temperature was normal A faint trace 
of albumin was present in the urine The leukocyte count was 7,850 per cubic 
millimeter, of which 67 per cent were polymorphonuclear cells The blood pressure 
was 145 systolic and 90 diastolic, and the heart tones and rhythm were normal 
The heart rate was 64 The pupils were slightly larger than normal, but reacted 
to light and m accommodation The fundi were normal During the next week, 
he complained of more or less constant pain m the lower cervical and dorsal spine, 
and slight fever (from 996 to 1002 F) occurred on two or three occasions 
Roentgenograms of the spine showed chronic hypertrophic arthritis of the dorsal 
vertebrae (Dr John Chapman) On January 24, the chemical analysis of the 
blood showed nonprotem nitrogen, 40 mg , creatinine, 1 3 mg , and sugar, 125 
mg per hundred cubic centimeters Examination of the blood showed hemo- 
globin, 85 per cent (Helhge) , red cells, 6,096,000, and leukocytes 11,800 per cubic 
millimeter, the polymorphonuclear cells numbered 78 per cent, and the lympho- 
cytes, 16 per cent On January 29, the urinalysis showed that the urine was 
normal, and the leukocytes numbered 10,600 per cubic millimeter Examination 
of the lungs revealed no gross changes On January 30, the neck became slightly 
rigid, the right pupil was slightly dilated, Kernig’s sign was positive and the right 
patellar reflex was absent Dr William Edler detected paresis of the left facial 
muscles, and the abdominal and cremasteric reflexes were diminished 

Com sc of Illness — The patient entered the hospital on January 31, and a 
tentative diagnosis of encephalitis or meningitis type undetermined was made At 
the time of admission, the blood count showed hemoglobin, 83 per cent (New- 
comer) , red cells, 4,450,000, leukocytes, 8,500 per cubic millimeter, and polymor- 
phonuclear cells, 68 per cent The spinal fluid was under increased tension (from 
plus 20 to 22 mm of mercury) and showed an average cell count of 300 per cubic 
millimeter, of which 97 per cent were reported as lymphocytes The spinal fluid 
showed a heaw trace of globulin , the sugar content was 27 2 mg per hundred 
cubic centimeters, and the Wassermann reaction was negative The smear 
revealed numerous budding cells resembling Toinla 

During his first week in the hospital, the patient complained of pain m the head 
and neck He was irrational at times, but was able to take food There was no 
nausea oi vmmiting The temperature varied between 98 6 and 101 F and the 
pulse rate from 68 to 80 He complained of dimness of vision on the third day in 
the hospital Lumbar puncture was done twice dail}”^, for purposes of drainage, 
m amounts varying from 30 to 50 cc during his three weeks m the hospital All 
specimens contained Tonilae The fluid was slightly turbid The pupils were 
widely dilated at intervals and he did not recognize light, although he recognized 
the voices of his famil}^ and friends Dr Miller’s examination revealed absence of 
paresis of the external eye muscles The retinal veins were moderately distended, 
but no definite blurring of the borders of the disks was evident Nasal cultures 
showed Staphvlococcus am cits and albus The blood cultures were negative after 
seventj'-two hours’ incubation Iiwoluntarj’- evacuations of the bladder and rectum 
occurred The leukocyte count w'as 12,000 per cubic millimeter five davs after 
admission, and the polv morphonucler cells numbered 82 per cent 
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During the second week in the hospital, the patient was more stuporous The 
pupils became smaller and he was less restless after the lumbar punctures Pro- 
fuse perspiration occurred at intervals Weakness of the right hand was evident 
The pulse rate gradually increased from 100 to 120 per minute The temperature 
■varied between 101 and 102 F 

During the third week in the hospital, hiccupping occurred more or less con- 
stantly for SIX days The rigidity of the neck was marked but opisthotonos vas 
absent The coma became deeper, the respirations increased to 60 per minute, the 
rectal temperature rose to 108 F , and death occurred on February 21, 1929 The 
total duration of the illness, which began with headache about Januarj 6, was 
seven and one-half weeks 

Ticatmciit — It was suggested by Dr Carl Rand that hexamethvlenamm 
administered intravenously be given therapeutic trial He had used the drug 
extensively in his surgical service at the Los Angeles General Hospital m the 
treatment for meningitis following fractures of the skull It was given intra- 
venously in doses of 2 Gm, usually three times daily, for thirtj-one doses or a 
total of 62 Gm Tests of the spinal fluid for the presence of formaldehyde were 
made daily, with the use of the phloroglucin reagent “ Of twenty-four specimens 
of spinal fluid so examined, formaldehyde was found m four The Touila cells 
appeared to dimmish m number m the spinal fluid, but were never absent The 
use of the reagent was attended bj severe discomfort of the bladder and strangury 
at times It appeared to have no effect on the progress of the infection 

Experiments were performed with gold sodium thiosulphate, which was added 
in a dilution of 1 2,000,000 to a proved culture of Toiulcr m broth, and to a cul- 
ture of Tomla in broth obtained from the spinal fluid of the patient At the end 
of twenty-four hours, examination show'ed an average of one budding cell to a 
high power field, wdnle in the control tubes, without gold sodium thiosulphate, an 
average of ten budding cells wms seen per high power field Because of its 
apparent inhibitory action on Toiula in vitro, gold sodium thiosulphate m four 
doses, of from 40 to 50 mg each dissolved in 5 cr of sterile distilled water, was 
given intravenously at intervals of three days A positive reaction for a gold 
compound wms obtained m the blood twelve hours after the intravenous injections, 
and the spinal fluid w'as tinged j'ellow' The spinal fluid on only one occasion 
gave a strong positive reaction for the gold compound 

Following the suggestion of Dr H P Jacobson of Los Angeles, who had used 
colloidal copper in the treatment for coccidiodal granuloma, experiments were also 
performed with colloidal copper, iodized poppv-seed oil and ethvl diiodobrassidate 
lipoiodme ciba The inhibitory action of the colloidal copper, m dilutions from 
1 500,000 to 1 2,000,000 added to broth cultures, wms negligible Toiulae seemed 
to grow as well in dilutions of colloidal copper as in plain broth Definite inhibi- 
tion occurred m the dextrose broth cultures to which iodized oil had been added 
In control broth cultures, the grow'th was approximately fifty times more profuse 
after forty-eight hours than in iodized oil Cultures made m ethyl diiodobrassidate 
showmd marked inhibition of growdh Cultures made in ethyl diiodobrassidate 
plus broth were unsatis factor}, since the ethyl diiodobrassidate did not mix w’ell 
wuth the mediums 


15 Phloroglucin, chemically pure, 1, sodium hydrate, chemically pure, 20, dis- 
tilled water, sufficient to make 100 cc The test was performed as follow'S 5 cc 
of spinal fluid w’as placed m a tube and 1 cc of the reagent wms placed by a pipet 
so as to form a zone of contact beneath the spinal fluid A purple tinge changing 
to pink indicated the presence of formaldehyde 
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The following roentgen experiments were performed by Dr John Chapman 
of the x-ray department of the Pasadena Hospital Two cultures of Toinla, one 
freshly inoculated in spinal fluid and one twenty-four hours old m dextrose broth, 
were placed inside of a skull and surrounded by bags of a density approximating 
that of soft tissue Exposures to the roentgen rays approximating a one-fourth 
erythema dose were given as follows 200 kilovolts, 30 milhamperes, through 
0 5 mm of copper, 1 mm of aluminum and 2 cm of wood as filters, distance 
80 cm, tune eight minutes The roentgen exposures had an apparent inhibitory 
action on the growth of the Toiula cultures at the end of eighteen hours, and 
transplants showed no growth after twenty-four, forty-eight and seventy-two 
hours On February 10, the patient received deep roentgen therapy over the 
posterior surface of the head, with the dosage mentioned, for eight minutes On 
February 11 the same treatment was given over the cervical and the dorsal spine 
The following experiments were performed with gentian violet because of its 
known inhibitory effects on other gram-positive organisms In a dilution of 1 25,000, 
very noticeable inhibition of Toiiila growth was evident in eighteen hours 
At the end of seventy-two hours, moderate inhibition of growth was evident in 

Table 3 — Fo mentation Reactions 


Known Culture, Toruli histolytica* Culture Under Investigation 
- - ■ ^ 



Acid 

Fading to 

No Acid 

Gas 

Acid 

Fading to 

No Acid 

Gas 

Lactose 

No 

No 

No 

No 

No 

No 

Sncclinrose 

Lcs 

Yes 

No 

No 

No 

No 

Maltose 

Yes 

No 

No 

No 

No 

No 

Mannite 

Yes 

Yes 

No 

No 

No 

No 

Dextrose 

Yes 

Yes 

No 

Yes 

No 

No 

Galactose 

Yes 

Yes 

No 

Yes 

Yes 

No 

Lc\ uloso 

Yes 

No 

No 

Yes 

No 

No 


* The Knonn culture of Torula histolytica, isolated from a case of torula meningitis in 
1920 (Evans California State J Mod 20 3S3, 1922), was obtained from the Amencan Type 
Culture Collection, John McCormick Institute foi Infectious Diseases, Chicago 


the culture which contained gentian Molet m a dilution of 1 50,000 On February 
16, an injection of 20 cc of gentian violet solution (0 5 per cent) was given intra- 
venously On February 17, after spinal drainage, 0 5 cc of 1 per cent gentian 
violet solution was mixed with 10 cc of spinal fluid and allowed to flow into the 
spinal canal by gravity Eight hours later, after spinal drainage, 1 cc of 1 per 
cent gentian violet solution was mixed with 10 cc of spinal fluid and allowed to 
flow in bj'^ gravity On February 18 and 19, the same procedure was followed, 
1 5 cc of 1 per cent gentian violet solution mixed with 10 cc of spinal fluid 
being used There was no marked diminution of Toiulae in the spinal fluid 
withdrawn after these treatments 

CultiiiaJ Chat actenstics — Primary cultures of the yeastlike organisms obtained 
on numerous occasions from the spinal fluid grew well on all culture mediums 
The best growth was obtained on Loeffler’s blood serum and in 1 per cent dextrose 
broth The groivth was present in from thirty-six to forty-eight hours, and 
appeared on solid mediums as fine, white, granular and slightly raised colonies 
which coalesced and produced a light yellow pigmentation A growdh was 
obtained at both 37 C and at room temperature The best results were obtained 
by starting the grow'th in the incubator for from four to six hours and then by 
removing it from incubator to room temperature In the tubes of dextrose broth, 
the growth occurred at the bottom of the tube, and later appeared as a scumlike 
grow’th on the surface of the broth 
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Mo) phologic Chai actcustxcs — The organism was round, with a cell wall of 
single or double contour, the internal protoplasmatic mass frequently being 
granular Reproduction occurred by budding, which often took place in chains of 
from four to six buds No definite mycelium was produced, but in old cultures 
hypha-like tube buds w^ere frequently found No ascospores were demonstrated 



Fig 1 — Cut section of consolidated area at the apex of the right lung 


Stainmg and Fei mentation Piopeities — The organism stained readily wutli all 
the usual stains, and was consistentlj-^ gram-positive The organism produced acid 
but no gas on dextrose, galactose and levulose, the acid fading to no acid on 
galactose Lactose, saccharose, maltose and mannite showed no changes (table 3) 
Classification — The organism was identified as Toiitla histolytica (Stoddard 
and Cutler) or by Castellani’s classification as Ci yptococcus histolytica 



SI ONES'! URDU AN'! —MEN! NGO-ENCEPH ALIUS 


569 


Autopsy Obscivatious — The calvarium vas normal The brain was remo\ed 
and hardened in 4 per cent formaldehyde solution The dura uas adherent 63 
fine, reddish, granular and dense fibrinous adhesions The vessels were moderatel 3 
injected and over the base and cerebellum were stained a light purple A thin, 
white, granular exudate covered the entire surface of the brain and infiltrated 
the pia-arachnoid At the base of the left temporal lobe an irregularly shaped 
excavation due to destruction of the cortex was seen The area measured 3 by 
2 6 by 1 cm in depth and had a grayish-white granular base The convolutions 
were flattened The brain substance was edematous, and the vessels were injected 
Frontal sections of the brain showed the ventricles to be normal in size and 
appearance An opening was made into the posterior nasal cavity after removal 



of the sella turcica The mucous membranes of the sinuses were slightly thickened 
and injected, and a sphenoid polyposis was present 

The left lung showed edema of the upper lobe and h 3 'postasis of the lower 
lobe The pleural cavity contained no fluid The right pleural cavit\" contained 
no fluid The right lung showed an area of consolidation invoh mg about one 
third of the upper lobe The visceral pleura over the lung was smooth, except 
for a few small adhesive bands at the apex On section, the consolidated portion 
was firm m consistency and of gra 3 ush-white granular appearance The con- 
solidated portion resembled a tumor because of its circumscribed and well defined 
outline Smears from the cut section of this area of consolidation show'ed 
numerous gram-positne 3 eastlike organisms, some of wdiich were budding The 
lower lobe of the right lung showed marked passive congestion with earh hipo- 
static pneumonia 
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The pericardial sac contained the normal amount of fluid The heart was 
normal m size On the anterior surface of the right ventricle was an irregular 
white scar which measured about 2 cm in diameter The walls of the right 
ventricle were thin and dilated, while the musculature of the left ventricle showed 
moderate brown atrophv The left and right coronary arteries were moderately 
sclerosed but patent The heart valves were normal except the mitral valve which 
was thickened, deformed and scarred The thoracic aorta showed moderate 
arteriosclerotic thickening The abdominal aorta and common iliac arteries 
showed marked sclerosis 

The liver was normal in size and showed chronic passive congestion The 
gallbladder contained one calculus which measured 2 cm in diameter The 
walls were thickened, the mucosa was of the cholesteratosis type, and the ducts 
were patent The pancreas was soft and apparently normal The spleen was 
normal m size, the capsule was thickened, and on section the pulp was soft and 



Fig 3 — Budding torula cells, X 550 


hemorrhagic The large and small intestines were normal The appendix was 
contracted and of the obliterative type The left kidney was one-third larger 
than normal, and fetal lobulations were present One congenital urmiferous cyst, 
w'hich measured 5 cm in diameter, rvas found The capsule stripped readily, 
leaving a granular surface The cortex and medulla were not well differentiated, 
and the cut surface had a granular appearance The right kidney was enlarged 
and essentially the same as the left The bladder, prostate gland, ureters and 
urethra were normal 

The mediastinal, peritoneal, retroperitoneal and omental glands were normal 

Anatomic Suminaiy — The anatomic examination revealed (1) generalized 
leptomeningitis and pachymeningitis due to Tonila, (2) encephalitis with cortical 
abscess of the left temporal lobe due to Toiula, (3) sphenoid sinus polyposis, (4) 
pneumonic consolidation of the apex of the right lung due to Touda, passive 
congestion and hypostatic pneumonia of the left and right lower lobes , (5) 
chronic mvocarditis wuth dilatation of the right ventricle and chronic mitral endo- 




Fig 4 — Torula cells stained with methylene blue, X 550 



Fig S — Smear from exudate from the apex of the right lung (unstained) 
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carditis, (6) arteriosclerosis, especially marked in the abdominal aorta and com- 
mon iliac arteries, (7) chronic passive congestion of the liver, (8) chronic 
cholecv stitis and cholelithiasis, (9) chronic splenitis with passive congestion, (10) 
fetal lobulations and congenital uriniferous cj^st of the left kidnev, and (11) 
chronic diffuse nephritis of arteriosclerotic t 3 'pe, with cloudy swelling 

Histologic Examination — Sections from the area of consolidation at the ape\ 
of the right lung showed marked fibrosis with thickened alveolar walls and areas 
of infiltration made up largely of mononuclear lymphocytes, plasma cells and giant 
cells The aheoh were dilated and contained desquamated epithelial cells and 
numerous large multmuclear giant cells Within the giant cells numerous gram- 
positive veasthke cells were seen, manj^ of which were surrounded bj a clear 



Fig 6 — Torula cells iii consolidated apex of the right lung, X 100 


capsular-hke zone As manv as 9 yeastlike cells could be seen in a single giant cell 
Some of the gram-stained sections showed distinct budding of the yeastlike cells 
Polymorphonuclear leukocytic infiltration was absent The walls of the blood 
vessels were thickened and the lumina of the vessels were engorged with blood 
cells There was no evidence of tuberculosis 

Sections from the dura, pia-arachnoid and brain substance showed an inflam- 
matory process vv ithout polymorphonuclear leukocytic infiltration The pia- 
arachnoid showed a proliferation of the endothelial cells with large multmuclear 
giant cells containing double-contoured and budding jeasthke cells A few small 
areas of necrosis were found Yeastlike cells were evident in all of the sections 
The inflammatorv process closel} followed the infolding of the pia mater into 





Fig 8 — Torula cells m the cortical abscess of the brain, X 250 
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the convolutions of the brain The area of cortical destruction in the left 
temporal lobe showed marked proliferation of the endothelial cells, large giant 
cells, plasma and round cells and a great many yeasthke cells, both within and 
without the giant cells The j^easthke cells were more numerous in this area than 
in any of the other sections As many as twenty-one inclusions were noted in one 
large giant cell The subcortical sections from this area showed cells which 
stained indistinctly, the blood vessels were markedly engorged and the presence 
of a few giant cells was noted 

The sections of the kidney showed a moderate grade of chronic interstitial 
nephritis probably dependent on the arteriosclerotic changes The glomeruli were 
injected, and the epitheha of the tubules showed marked cloudy swelling 



Fig 9 — Torula cells in the meningeal exudate, X 250 


The sections of the spleen showed chronic splenitis with marked passive con- 
gestion Those of the liver showed marked passive congestion with moderate 
fatty infiltration 

Histologic Sumviaiy — The histologic examination revealed (1) pneumonic 
consolidation of the apex of the right lung with fibrosis of the alveolar walls and 
an exudative and infiltrative inflammatorv reaction characterized by the presence 
of numerous giant cells with inclusions of Tontlae and the absence of poly- 
morphonuclear leukocytes, and (2) meningo-encephahtis with localized abscess 
formation in the left temporal cortex of the brain The inflammatory process 
was characterized by the absence of polymorphonuclear leukocytic infiltration and 
the presence of many giant cells which contained Toiulae 
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CONCLUSIONS 

1 The piimary focus of Toiula infection at the apex of the light 
lung may have existed for a long peiiod as a latent infection There 
weie no clinical symptoms by which the presence of such a focus might 
be suggested Hematogenous metastasis to the meninges appealed, 
piobably followed b}'- the i datively slow development of meningeal 
symptoms The meningitis and encephalitis dm mg development were 
characteiized by the absence of fevei, nausea, iigidity or leti action of 
the neck and by the absence of the degiee of leukocytosis piesent in othei 
infections of these tissues 

2 The pathologic lesions m torulosis aie distinctive and aie chai- 
acterized by the piesence of numeious giant cells with inclusions of 
Toiulae and by the absence of polymorphonuclear leukocytes 

3 No foim of tieatment foi toiulosis has been found beneficial 
Torula infection, when it occuis in man, seems to have a predilection for 
the cential neivous system, and all reported cases have resulted m fatal 
teimmation 

4 When possible, toiulosis should be dififeientiated from oidio- 
mycosis with systemic invasion by cultuie studies since the iodides in 
laige doses have been found of value in the treatment of patients with 
oidiomycosis 
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The ph) sician who has much to do with diabetes is soon awaie of the 
significance of the neuiologic accompaniments of this disease In von 
Nooi den’s ^ expel lence, pain occuiied m 31 per cent of all cases In oui 
cases, peiipheial pain, which could not be attiibuted to aithritis, myo- 
sitis or trauma, has been severe enough to be recorded m about 10 per 
cent of all cases As a lule such pains are confined to the legs, especially 
to the calves They aie usually tolerable, but may become excruciating 
They ai e usually dull, aching and constant, but may simulate the darting 
pains of tabes They are as a lule more intense when the patient is quiet 
and in bed, but may be of the type of claudication, aggiaAated by exercise 

The complaint of numbness of the feet oi legs is as fiequent as the 
complaint of pain in cases of diabetes Such numbness may occur as a 
solitary symptom but is usually associated with pain In a recent period 
of five years we have seen 33 instances of anesthesia and 92 of pares- 
thesia among approximate!} 2,000 patients with diabetes As is true of 
the pains, this anesthesia and paresthesia is, with laie exception, limited 
to the legs 

Less common than pain oi paresthesia are trophic lesions A typical 
mal perforant was seen m ten cases of the senes referied to, the lesion 
usually affecting the ball of the foot That such a lesion is trophic in 
the sense that it owes its origin to a primary distuibance of the nervous 
S}stem is possibly an open question, it may result fiom a defective 
blood supply, it rarely, if evei, occurs in other cases than in cases of 
advanced atherosclerosis 

The skin of the feet and legs of patients with diabetes and athero- 
sclerosis IS abnoimally sensitne to injury, so that a degree of heat or 
cold 01 an exposure to the roentgen rays which would be tolerated per- 
fectly by a healthy man may produce severe and irrepaiable lesions 

■*' Submitted for publication. May 2, 1929 
From the Section on Neurology and the Division of Medicine, the Alajo 

Clinic 

1 Von Noorden C H Die Zuckerkrankheit und ihre Behandlung, Berlin, 
Julius Springer, 1927, p 627 



U'OIIMAN-U'ILDER—DJABE'IES MELLllUS 577 

Patellai and tendo achillis reflexes aie often absent oi gieatl} dimin- 
ished in diabetes Boichaidt - lecorded these abnoimahties m 37 per cent 
of all his cases As Williamson ^ pointed out, the stage of the illness and 
pievious caie of the patient influence this peicentage to a wide degree 

The skin leflexes, paiticulaily the plantai i espouses, on the other 
hand, aie raiel> abnoimal, and motor disturbances aie raie Duiing a 
peiiod of five yeais, motor weakness was lecoided m only twenty-nine 
cases , the peioneal group of muscles was affected in most of these 

Occasionally, but rarely, the vaiious neuiologic distui fiances of dia- 
betes are sufficiently intense and so associated in the same patient as to 
give a clinical pictuie that is not dissimilai to that of tabes doisahs 
Vaiious names have been applied undei these ciicumstances, especially 
pol}neuiitis diabetica, tabes periperica diabetica and pseudotabes dia- 
betica The condition was lecognized simultaneous!} in 1884 by 
Althaus ' and Boichaidt Joshn has obseived six cases of such poly- 
neuiitis, two of the patients weie addicted to alcohol We have seen 
foui cases of this condition, two of which aie lepoited heie Von 
Nooiden has obseived thiee cases, one m a patient addicted to alcohol 

Aieflexia and the pain and paiesthesia of diabetes occui commonly 
in patients who are leceiving tieatment and whose diabetes is thoroughly 
undei contiol, that is, in patients who aie fiee fiom eithei acidosis oi 
glycosuria It is impoitant to distinguish shaiply between the neuritis 
that aiises in such cases and conditions encountered in patients with 
unconti oiled diabetes In the era befoie insulin it was usually possible 
10 ple^ent glycosuiia, in severe cases of diabetes, only by ruthless star- 
vation This resulted in cachexia Also, patients whose diabetes was 
not conti oiled became cachectic as a lesult of the wasting effect of the 
disease Aieflexia was fiequently encountered then in juvenile patients 
who now, with better treatment, almost nevei present any neurologic 
complications This was due m all probability to the cachexia At least 
this explanation was suggested in 1922 In that year insulin became 
available and pieviously cachectic patients in laige numbers were 
returned to a noinial state of nutiition In many instances (all of the 
juvenile cases) the leflexes leturned with the retuin of the normal state 
of nutrition 

2 Borchardt, Harold Ueber die Veranderungen der Artenenmedia bei 
Spontangangran und dire Beziebung 7iim Diabetes, Virchows Arch f path Anat 
259 521, 1926 

3 Williamson, R T On the Knee-Jerks in Diabetes IMelhtus, Lancet 2 138, 
1897, Diabetic “Neuritis,” Practitioner 112 85, 1924 

4 Althaus, Julius On Sclerosis of the Spinal Cord, Including Locomotor 
Ataxj Spastic Spinal Parahsis and Other Sjstem-Diseases of the Spinal Cord 
Their Patholog^, S 3 mptoms, Diagnosis and Treatment, London, Longmans, Green 
&. Compain, 1885, p 278 

5 Joslin, E P The Treatment of Diabetes Alelhtus, ed 4, Philadelphia 
Lea (S. Febiger 1928, p 998 
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This distinction between impairment of reflexes due to cachexia in 
diabetes and areflexia, such as is observed m the cases we are reporting 
here, has not been made before Similarly, a sharp distinction has not 
been diawn between the types of neuralgia with which we are concerned 
in this report and the pains that frequently accompany diabetic acidosis 
Not only was it usually impossible, in the era before insulin, to pi event 
glycosuiia m severe cases, but it was usually impossible to avoid ketosis 
Patients of those days seemed to become habituated to the ketone bodies 
and would live for months and years with large concentiations of 
oxybutyric acid m the blood and urine Diabetic acidosis, as is well 
known, pioduces pains These may be of great intensity, and as they 
commonly aflfect the abdomen they may simulate a gastric ciisis oi a 
surgical emergency such as appendicitis, or they may be more diffuse 
and be felt in the back, the neck or the extremities It is now known 
that these pains are immediately relieved when the ketosis is checked 
with insulin It is improbable, therefoie, that such impel manent pains 
represent lesions of the nerves, although it is possible that long-continued 
ketosis might give rise to toxic degeneration of the nerves In any case, 
such pains undoubtedly have been confused in the past, particularly in 
cases of chronic ketosis, with the types of neuralgia that occur in milder 
cases of diabetes , this has introduced confusion into the discussions of 
diabetic neuritis In this paper we are not concerned with areflexia from 
cachexia or with the pains of diabetic acidosis Our observations are 
limited to patients who weie well nourished and whose diabetes was well 
controlled 

HISTORICAL REVIEW 

The recent literature contains practically no reports of the histology 
of the cord and nerves in diabetes, and the older writers who established 
the current views of diabetic neuritis left relatively few descriptions that 
are entirely satisfactory The repoits of observations that many thought 
indicative of pathologic states would now be consideied unwari anted or 
as reports of conditions falling within the normal range Certain tech- 
nical aids m which we now place reliance were not at the disposal of 
some of the early writers, coi related studies of clinical symptoms and 
pathologic data were seldom obtained, and until insulin was discovered 
it was often extremel} difficult to distinguish between the symptoms that 
persist after the disappearance of cachexia and acidosis and those now 
attributable to cachexia or acidosis 

It IS important also to recognize that diabetes frequently has asso- 
ciated with it other disturbances which may produce degeneration of 
nervous tissues when they occur independently, such conditions are 
alcoholism, syphilis, tuberculosis, acute infections, senility and athero- 
sclerosis The presence of any of these in a given case of diabetes with 



Jl' 0L7 MAN-WILDER— DIABETES MELLITUS 


579 


neuritis immediately laises the question as to whethei the complication 
or the diabetes is lesponsible for any degeneration noted in the spinal 
cold 01 nerves 

Brief mention of the causes to which changes found in the cord, 
loots and peripheral neives have been attiibuted includes the following 
the deleteiious action of sugar, acetone, diacetic acid and unknown inter- 
mediate metabolites, dehydiation, anoxemia, inanition, arteiiosclerosis 
and complicating infections Labbe and Gendron,® Feinblatt ' and otheis 
have lepoited the presence of ketone bodies in the spinal fluid, but in 
none of these cases was there a report of necropsy Kiefer, Biigham and 
Wheeler® found laige amounts of sugar in the spinal fluid, but here too 
there were no leports of necropsy 

A few expel imental studies have been made In 1890, Auche ® 
applied a solution of sugar to the sciatic nerves of guinea-pigs, locally 
and by injection He said that the action of the sugai was like that of 
water, and he did not believe that sugar was a cause of degeneiation 
In 1892, Eichhoist^® kept neives of frogs and man in solutions of 
dextiose, acetone and oxybutyiic acid for several days without effect 
Giube,^^ m 1918, made leference to some earhei expeiiments in which 
he had observed marked neuritis after subcutaneous or intiavenous 
injection of dextiose into rabbits 

Patiick^- suggested that the neuritis seen in diabetes ma) be the 
lesult of infection to which patients with diabetes weie foimeily noto- 
iiously susceptible In 1879, Savoiy and Buthn,^® speaking of peiforat- 

6 Labbe, Marcel , and Gendron, Andre Diagnostic du coma diabetique , les 
reactions d’acidose dans le liquide cephalo-rachidien, Pans med 13 181, 1914 

7 Feinblatt, H M Report of a Fatal Case of Juvenile Diabetic Coma with 
Insignificant Ketonuria, and with a Large Amount of Acetone m the Spinal Fluid, 
Arch Int ]\Ied 34 508 (Oct) 1924 

8 Kiefer, E D , Brigham, F G , and Wheeler, R R Embolic Gangrene of 
the Extremities m Pneumonia Report of Case Occurring m Diabetic Coma with 
an Observation on the Sugar Content of Cerebrospinal Fluid During Insulin 
Shock, Boston j\I &. S J 194 191, 1926 

9 Auche, B Des alterations des nerfs periphenques chez les diabetiques, 

^rch d med exper et d’anat path 2 635, 1890 

10 Eichhorst, Hermann Neuritis diabetica und ihre Beziehungen zum fehl- 
enden Patellarsehnenreflex, Arch f path Anat 127 1, 1892 

11 Grube, Karl Ueber das Verhalten der Patellarreflexe bei Diabetes mel- 

htus, Neurol Centralbl 12 770, 1893, Gastrische Krisen bei Diabetes mellitus 

nebst Bcmerkungen uber die Behandlung der Verdauungsstorungen der Diabetiker, 
Munchen med Wchnschr 42 136, 1895 , Ueber das Verhalten des Blutzuckers in 
Fallen ion diabetischer Neuritis und N^euralgie, Deutsche Ztschr f Nenenh 
60 302 1918 

12 Patrick, H T , m discussion on Krauss, W M Involvement of Periph- 
eral Neurons m Diabetes :Melhtus, Arch Neurol & Ps 3 chiat 7 202 (Feb) 1922 

13 Sa^or^, W S and Buthn, H T Cases of Perforating Ulcer of the Foot, 
Tr Ro} ^led ck Chir Soc 62 373, 1879 
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ing ulcers, although neithei of their patients had diabetes, behe\ed that 
degeneration of the nerves, lather than vascular changes, was responsible 
for the ulcers Kirmisson,’^'^ in 1885, stated it as his belief that the inal 
pel f 01 ant of diabetes is caused by neuritis 

Arteriosclerosis is a common complication of the diabetes that occurs 
among middle-aged or oldei persons, as is generally well known It is 
demonstrable in practically all cases with gangrene and is often the 
cause of death in the diabetes of older patients 

Forty-two cases in which there was a pathologic desciiption were 
leviewed from the literatuie In sixteen cases there was evidence of 
degeneration of the funiculi of the cord, chiefly in the posterior column , 
111 four cases, degeneration of the intramedullary portion of the posterioi 
1 oots was specifically mentioned , in eight, there were variable changes in 
the cells of the anteiior horn, and in twenty-foui, there was degenera- 
tion in the peripheral nerves 

The changes in the spinal coid have been interpreted difteiently by 
various authors Sandmeyer,’^® Leyden and Goldscheidei and Naunyn^^ 
believed that the degeneration noted was of the type known as combined 
sclerosis, first desciibed by Lichtheim m association with pernicious 
anemia ^^hlllamson and Schweiger maintained that the changes in 
the posteiior columns were secondaiy to “plunradicular” degeneration, 
that IS, to degeneration in the intramedullary portion of the posterior 
loots As the degeneiation was traced upward in the cord, it approached 
nearer and neaier the median line Williamson presented photogiaphs 
which showed the intramedullary portion of the postenoi root m a stage 
of degeneration, and stated that the degeneration was practically absent 

14 Kirmisson, quoted bv Remak, Ernest, and Flatau, Eduard Neuritis und 
Polyneuritis, in Nothnagel, Herman Specielle Pathologic und Therapie, Vienna, 
Holder, 1900, vol 11, p 150 

15 Sandmever Wilhelm Beitrag zur pathologischen Anatomic des Diabetes 
mellitus, Deutsches Arch f khn Med 50 381, 1892 

16 Lej'den and Goldscheider Die Erkrankungen des Ruckenmarks und der 
Medulla oblongata, in Nothnagel, Herman Specielle Pathologic und Therapie, 
Vienna, Holder, 1900, vol 10, p 500 

17 Naunjn, Bernard Der Diabetes mellitus, in Nothnagel, Herman Spe- 
cielle Pathologic und Therapie, Vienna, Holder, 1900, vol 7, p 251 

18 Lichtheim, quoted by Sandmeyer, Wilhelm Deutsches Arch f khn Med 
50 381, 1892 

19 Williamson, R T Changes in the Spinal Cord in Diabetes Mellitus, Brit 
M J 1 122, 1904, The Symptoms Due to Peripheral Neuritis or Spinal Lesions 
m Diabetes Mellitus, Rev Neurol & Psychiat 5 550, 1907 , Diseases of the Spinal 
Cord, London, Frowde, Hodder and Stoughton, 1908, p 371 , footnote 3, second 
reference 

20 Schweiger, L Ueber die tabiformen Veranderungen der Hinterstrange 
bci Diabetes, Wien med Wchnschr 57 1549, 1907 

21 Williamson (footnote 19, first and third references) 
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external to the pia matei In the opinion of Williamson-- and 
Schweigei, the changes weie like those seen in tabes, except, Schweigei 
added, that the loots weie less completely involved, owing to the shortei 
dniation of the diabetic changes Kraus,-’ in his stud}, concluded that 
clinical evidence faAors the assumption that both motoi and senson 
phenomena aie best explained by a lesion proximal to the junctuie of the 
loots, and that Bti/zaid’s -■* case alone suggested tiue peripheial sensoii- 
motoi neiiiitis The evidence foi this is not convincing 

Degeneration in the cells of the anterioi hoin, noted in eight cases, 
was slight, except m the two cases reported by Nonne and Bonaidi 
It may justly be questioned whethei these changes weie a consequence 
of diabetes 

Degeneiation of the peiipheial neives has been the most fiequent 
observation Chaicot,-^ in a delightfully wiitten contribution, insisted 
that peripheial neuiitis must be the cause of most diabetic disordeis 
falling in this class He desciibed the gait as “danaiche de steppei,” 
and insisted that true ataxia, as seen m these patients, exists onl} when 
title tabes is complicated with diabetes melhtus 

CASES REPORTED IN THE LITERATIjRE 

Rosensiem"^ (1SS5 ) — In a man, aged 34, with absent patellar reflexes, there 
were no changes m the spinal cord Tuberculosis was present 

Ptyce^ (1887 ) — A man, aged 56, a sufferer from alcoholism, had polyuria 
of eighteen months’ duration, he had ulcers of both feet, and complained that 
Ins feet felt dead The pupillary reaction to light was feeble , the patellar reflexes 
were absent, and sensation in the lower third of the legs was reduced At necropsy, 
the posterior right tibial nerve was found embedded with an atheromatous artery 
in scar tissue The cells m the spinal cord, particularly in the thoracic region, 
were atrophic, granular and without normal processes In the right posterior 


22 Williamson (footnote 19, third reference) 

23 Kraus, W III The Clinical Involvement of the Peripheral Nerves in 
Diabetes Melhtus, J Nerv & Ment Dis 52 331, 1920, Involvement of the 
Peripheral Neurons in Diabetes, Arch Neurol & Psychiat 7 202 (Feb ) 1922 

24 Buzzard, Thomas A Case of Symmetrical Sciatica in a Diabetic Patient 
Treatment by Salicylate of Soda, Lancet 1 302, 1882 

25 Nonne, j\I Ueber Pohomvehtis anterior chronica als Ursache einer 
chronisch progressive!! atrophischen Lahmung bei Diabetes melhtus, Berl klin 
Wchnschr 33 207, 1896 

26 Bonardi Edoardo Sclerosi diffusa pseudo-sistematizzatra del midolla 
spinale con poline\rite in un caso di diabete mellito, Morgagni 39 557, 1897 

27 Charcot, J M Sur un cas de paraplegic diabetique, Arch de ncurol 19 
305, 1890 

28 Rosenstein, S Ueber das Verhalten des Kmephanomens beim Diabetes 
melhtus, Berl khn Wchnschr 22 113, 1885 

29 Prvee T D A Case of Perforating Ulcers of Both Feet Associated with 
Diabetes and Ataxic Sjmptoms Lancet 2 11 1887 
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tibial nerve, and to a less extent in the anterior tibial nerve, a granular myelin 
sheath was found which did not stain black with osmic acid Many degenerated 
axis cjdmders were noted 

Nonne (1889) — Case 1 — A man, aged 27, had alcoholic epilepsy and possibly 
healed tuberculosis Patellar reflexes were absent At necropsy, the spinal cord 
was found to be normal There was parenchymatous degeneration of the nerves 
to the vastus internus, rectus femoris and sartorius muscles 

Case 2 — In a man, aged 44, the patellar reflexes were absent At necropsy, 
the spinal cord was found to be normal The peripheral nerves showed changes 
similar to those described in the preceding case 

Case 3 — In a man, aged 55, an alcoholic patient, patellar reflexes were absent 
Hepatitis was present At necropsy, similar changes m the cord and the peripheral 
nerves were present 

Case 4 — A man, aged 49, had pulmonary and intestinal tuberculosis At 
necropsy, abnormalities m peripheral nerves similar to those in the preceding cases 
were found There was slight degeneration of the muscles The spinal cord was 
normal 

Case 5 — A man, aged 46, died from typhoid fever At necropsy, he was 
found to have a normal cord and changes in the peripheral nerves as described 
m case 4 

Anche^ (1890) — Case 1 — A patient, aged 74, had gangrene of the right foot 
and muscular cramps , the right femoral artery \\ as thrombosed Pulsation of 
the popliteal and pedal arteries was absent At necropsy, the spinal cord was 
found to be normal macroscopicallv and the nerves in the right leg were frag- 
mented 

Case 2- — The patient, aged 50, had had glycosuria for six years, weakness of 
the lower extremities and a prickling sensation m the legs, feet and hands The 
patellar reflexes were absent At necropsy, the spinal cord was normal to macro- 
scopic examination The posterior tibial nerve contained segmented, irregular, 
shrivelled and poorly stained sheaths The plantar nerves were markedly degen- 
erated, and branches of the radial nerve were degenerated 

Case 3 — The patient, aged 19, had had diabetes for three months, cramps in 
the calves of the legs, slight analgesia over the dorsum of the forearms and 
hemorrhages under the nails of the toes The patellar reflexes were absent At 
necropsy, the spinal cord appeared normal on macroscopic examination There 
was parenchymatous neuritis of the nerves of the fingers and lower extremities 

Etchhoi St (1892) — Case 1 — A patient, with normal sensation, wuthout any 
tendon reflexes of the lower extremities but with ankle clonus (^), died in coma 
At necropsy, examination of the spinal cord was negative, and there was degenera- 
tion of the sciatic, crural and vagus nerves 

Case 2 — A patient without patellar reflexes died m coma At necropsy, the 
spinal cord wms found to be normal, and there was degeneration of the sciatic 
and crural nerves 

In both of Eichhorst’s cases, the crural nerves were markedly degenerated, 
and there w'as cellular infiltration 


30 Nonne, M Einige anatomische Befunde beim Mangel des Patellar- 
Reflexes, Eestschr z Eroffn d u allg Krankenh zu Hamb -Eppendorf, 1889, 
p 144 
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Sandmcya {1S92) — A girl, aged 9 3 cars, had had diabetes for two 3 ears 
Tlie reflexes were normal She died 111 coma At necrops 3 ', there i\as degenera- 
tion near the posterior median septum in the cervical and thoracic regions 

Pivcc°^ (1S93) — Casi 1 — A man, aged 72, had bilateral sciatica A sensa- 
tion of burning and lightning pains of the lower extremities had been present for 
fourteen 3 'ears There was gangrene of the left foot and leg, sensation ^\as 
slightly decreased over the feet, and patellar reflexes were absent At necropsy, 
the posterior tibial and sciatic nerves showed a granular myelin sheath, degenera- 
tion of man 3 axis cylinders and poor staining qualities \theroma of the blood 
vessels was present 

Casl 2 — The patient, who had had diabetes and gangrene of the right foot for 
SIX years, complained of shooting and burning pains in both legs and of tender- 
ness of the feet Sensation 111 the feet was diminished, and edema was present 
The patellar reflexes were absent At necropsy, parenchymatous changes were 
found in the nerves and atheroma in the blood vessels, as 111 the preceding case 

Cavazzani (1S93) — A woman, aged 20, was studied chiefl 3 " from the stand- 

point of the visceral nervous system At necropsy, the spinal cord \\as normal 

LcichtcnUift^^ (1893) — A woman, aged 60, had had diabetes for six 3 ^ears 
She suffered from vertigo, tearing pains in the entire bod 3 % left hemiplegia, 
defective memory and indistinctness in speech Sensibilities to pain and tempera- 
ture were absent over the left foot, tactile sensation was normal Senstbiht 3 to 
pain was diminished over the outer surface of the right leg The left popliteal 
artery was thrombosed There was old and recent mitral disease At necropS 3 ', 
the spinal cord showed some degeneration m the posterior columns, some increase 
in connective tissue, corpora amylacia, thickened pia mater and granular, 3 'ellow 
cells of the anterior horn with thick, short processes There was some degenera- 
tion of the nerves of the lower extremities The vagus was normal 

Leyden^* (1893) — The patient suffered from weakness and tenderness of the 
legs, nephritis and arteriosclerosis The patellar reflexes were absent At 
necrops 3 , degeneration was found m the posterior and lateral columns of the 
spinal cord and of the tibial nerve 

(1894) — Case 1 — A patient, aged 52, had had diabetes for eleven 
months There were numbness and tingling of the fingers, marked atherosclero- 
sis and wasting of the deltoid triceps and biceps muscles At first the patellar 
reflexes were absent , the 3 ’’ later returned At necrops 3 , pulmonary tuberculosis 
was disclosed There was calcification of the vessels, some degeneration of the 
posterior columns of the cord in the cervical and thoracic regions and an increase 
111 the number of neuroglia Nenes to the biceps muscles were normal 

31 Pr 3 ce, T D On Diabetic Neuritis with a Clinical Pathologic Description 
of Three Cases of Diabetic Pseudotabes Brain 16 416 1893 

32 Cavazzani A Sympathicusi'eranderungen bei Diabetes melhtus , anato- 
mische und mikroscopische Beitrage, Zentralbl f allg Pathol u path Anat 4 
501, 1893 

33 Leichtentntt, Heinrich Em Beitrag zur Erkrankung peripherer Xer\en 
und des Ruckenmarks bei Diabetes melhtus, Berlin, G Schade, 1893 p 32 

34 Le 3 den Bemerkungen uber Diabetes melhtus, Deutsche Med -Ztg 44 
497 and 507 1893 

35 Williamson R T Changes in the Posterior Columns of the Spinal Cord 
in Diabetes ^lellitus Brit J 1 398, 1894 
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Casl 2 — A woman, aged 21, had had diabetes for one and a half jears, with 
pains in the feet and ankles and advanced pulmonary tuberculosis The patellar 
reflexes were absent At necropsy, the spinal cord showed changes similar to 
those noted m case 1, but less marked, the crural nerves were normal 

The spinal cords of three other patients were studied and found to be normal 
Ronne"" {1896) — A patient aged 64, had had diabetes for four years There 
w'ere progressive weakness of the upper and lower extremities djsphagia, dys- 
arthria and atrophy of the Aran-Duchenne tj^pe The patellar reflexes w'ere 
absent Pulmonary complications developed At necropsv, marked degeneration 
of the cells of the anterior horns was found The posterior roots w'ere normal, 
there was diffuse rarefaction of the spinal cord “like in pernicious anemia ” The 
median and tibial nerves w'ere about a third degenerated 

Fiasc) and Biuce^'^ {1896) — A man, aged 36, had had diabetes for fourteen 
months He complained of feebleness, amblyopia and cramps in the calves and 
ankles His legs were tender, the patellar reflexes were absent, and the fundi 
of the eyes were without abnormality At necropsy, pulmonary tuberculosis, 
parenchymatous degeneration and increase in the connective tissue of the optic 
nerves were found Also, there was marked degeneration of the tibial nerves 
The muscles showed fine granules between the fibers and loss of transverse stria- 
tions, a condition which is referred to as “disseminated mterfibrillary fatty degen- 
eration,” and which differs from that seen following section of the nerves 

Kahmis^ {1896) — Case 1 — A. man aged 26, had syphilis and suffered from 
vomiting and diarrhea The patellar reflexes were absent At necropsy, gastro- 
enteritis and nephritis were found The posterior columns of the spinal cord 
W'ere markedly degenerated, more on the right than on the left side The pia 
mater was slightly thickened The central canal was filled wuth Ivmphoid cells 

Case 2 — A man, aged 30, had pulmonary tuberculosis Sensation and reflexes 
were normal At necropsj, marked tuberculosis was discovered Degeneration 
of moderate intensity of the posterior columns also was present 

Sonqucs and Mai inesco {1897) — The history was not given Necropsy dis- 
closed degeneration of the posterior columns 

Bonaidi'^ {1897) — A patient, aged 72, complained of thoracic pain, formication 
and a feeling of deadness in the arms There w'ere mild thoracic kvphosis, decu- 
bitus, feebleness and wasting of the upper extremities, slight numbness of the 
feet and hands, atrophy of the calves of the legs and marked impairment of the 
patellar reflexes The patient had a spastic, paretic gait, and presented the clin- 
ical picture of bulbar paralysis w'lth loss of sphincteric control At necrops)', 
profuse arteriosclerosis and pulmonary tuberculosis were found The pia mater 
w'as thickened and adherent to the cord m the cervical region , the cells of the 
anterior horn were diminished in volume and stained poorly, and the bulbar nuclei 
W'ere atrophic The nerves of the upper and lower extremities showed interstitial 
and parenchymatous neuritis w'lth an increased amount of connective tissue and 
an increased number of nuclei The vagi w'ere normal The muscles had lost 
their striations, and their nuclei w'ere increased in number 

36 Fraser, T R, and Bruce, A On a Case of Diabetic Neuritis, with a 
Description of the Post-A'Iortem Examination of the Ner\es and Muscles, 
Edinburgh M J 42 300, 1896 

37 Kalmus, Ernst Beitrag zur Kentniss der Ruckenmarkserkrankungen bei 
Diabetes mellitus, Ztschr f khn Med 30 559, 1896 

38 Souques, A , and Marinesco, G Lesions de la moelle epiniere dans un cas 
de diabete sucre. Rev neurol 5 242 1897 
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Ilcii'sav''' (1S97) — Case 1 — A woman, aged 45, had had diabetes for seven 
months At necropsj, capillarj liemorrhages in the fourtii ventricle and irregular 
degeneration of about half of the fibers of the spinal accessorv' nerve were found 

Case 2 — A man, aged 36, had had diabetes for fifteen months He also had 
pulmonaiy tuberculosis At necropsy, the dura in the sacral region was found 
to be thick There was a light streak in each posterior column in fixed material 
but this was not seen m stained sections The posteiior roots in the lumhar area 
had a clear periphery but swollen mvelm sheaths in the center 

Case 3 — A man, aged 68, a sufferer from alcoholism, had had diabetes foi 
eight years He also had an enlarged liver and spleen, slight ascites and arterio- 
sclerosis At necrops}', a fresh hemorrhage was found in the fouith ventricle 
Both seventh cranial nerves showed a clear periphery and swollen mvelm sheaths 
in the center, as noted in the previous case Hensay did not know whether this 
change was an artefact or not 

Ftiidlay''° (1902) — A man, aged 41, had had diabetes for nine months, with 
shooting pains in the legs He also had pulmonary tuberculosis The patellar 
reflexes were absent At neciopsy, fatty degeneration of the liver and cloud} 
swelling of the kidneys were found There was slight sclerosis and infiltration 
of the pancreas with small round cells Degeneration and chromatolvsis of the 
cells of the anterior horn and increase in the number of gha cells were found in 
the spinal cord There were slight degeneration of the tenth cranial nerve, marked 
degeneration of the cervical sympathetic nerves and almost complete degeneration 
of the crural nerve The rectus abdominis muscle showed few striations, longi- 
tudinal splitting and increase in the number of nuclei Findlav suggested that 
the neuritis of the tenth cranial neive mav have contributed to the development 
of both diabetes and tuberculosis 

Naunyn^' (1900) — In a man, aged 41, a stone was found at neerpos} in the 
duct of Wirsung The spinal cord was normal 

0<!solmc*^ (1902) — A man, aged 51, died from pneumonia At necropsv', 
there were scattered areas of degeneration in the posterior and anterior columns 
of the spinal cord and some degeneration of cells In the crural nerves, stained 
by the method of Marchi, numerous black points were seen 

Mai incsco^' (1903) — A man, aged 21, had had diabetes for seventeen months 
The lower extremities were extremely weak , the patellar reflexes were absent 
'Vt necropsv, the cells of the anterior horn showed perinuclear chromatolysis and 
displaced nuclei, possibly the result of injury of the peripheral nerves In the 
sciatic nerv'e some degeneration vv^as found, and in the external popliteal nerve 
theie was marked degeneration The crural nerves were noimal 

JV ilhamson (1904) — A man, aged 25, had had diabetes for nine months 
He also had early pulmonarv tuberculosis, and the patellar reflexes were absent 
At necropsv, the spinal cord showed a few swollen axis cvhnders and an increase 


39 Hensav, Joseph Untersuchungen des Central-Nerv ensv stems bei Diabetes 
mellitus, Strassburg, Goeller, 1897, p 38 

40 Findlav, J W Changes in the Peripheral Nerves in a Case of Diabetes 
Melhtus, Tr Aledico-Chir Soc Glasgow 3 441, 1902 

41 Ossokine N Contribution a I’etude de I’anatomie pathologique de la 
moelle dans le diabete sucre, abstr Rev neurol 10 993, 1902 

42 IMannesco, G Em Fall von diabetischer Paraplegie, Neurol Centralbl 
22 94, 1903 

4a Williamson (footnote 19 first reference) 
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in the number of glial cells of the column of Goll , also, there u as degeneration 
of the intramedullary fibers of the posterior roots This intramedullary degenera- 
tion was considered bj-^ Williamson to be the origin of ascending degeneration 
noted m the posterior columns 

B) amivclV' (1907 ) — A man, aged 56, had had diabetes for eighteen months 
He complained of pain in the legs and that his feet felt dead There were ulcers 
o^er the metatarsophalangeal joints, the pupillarj^ reaction to light was feeble 
He had arteriosclerosis Sensation was diminished over the lower third of the 
legs Patellar reflexes were absent At necropsy, the arteries, especiallj those 
m the posterior column of the spinal cord, were found to be diseased, and corpora 
amylacia were present Most of the fibers were normal There was some atrophy 
of the cells of the anterior horn and slight degeneration of the sciatic nerve The 
blood vessels generally were sclerotic There was advanced arteriosclerosis of 
the posterior tibial artery which was adherent to the posterior tibial nerve This 
nerve and the plantar nerve were much degenerated Bramwell believed that the 
changes in the nerve were secondary to the scar tissue 

Schwcigc) ■''' (190S) — Case 1 — A man, aged 63, had had sj^philis thirty-tuo 
jears before examination For two jears he had had diabetes He was suffering 
from gangrene of the right great toe At necropsy, arteriosclerosis, obliteration 
of the pericardial cavutj and pleuritis were found The posterior column of the 
cord was lighter than the otlier columns At higher levels Goll’s tract particularly 
was involved The mtramedullarv portion of the posterior roots was rarefied 
The gha cells were increased in number 

Case 2 — A woman, aged 59, had had diabetes for two years She suffered 
from headache, failure of vision and tearing pains m the feet Sensation was 
diminished over the feet The patellar reflexes were normal At necropsy, 
changes found in the spinal cord resembled those described m the preceding case 

Case 3 — A preparation of the spinal cord from another case of diabetes 
showed changes similar to those noted in the preceding two cases 

Case 4 — Examination disclosed fixation of the pupil on the left, lack of rota- 
tion of the globe upward and downward, pulmonary tuberculosis and absence of 
the left patellar reflex At necropsy, the spinal cord was normal This patient 
gave a history of syphilitic infection twenty >ears previously 

Schweiger behev'ed that the changes noted in the posterior columns of the 
spinal cord occur secondarj' to the involvement of posterior roots, that they 
resemble the changes of tabes, but that thej' are less extensive because of the 
shorter duration of the illness 

REPORT or MAYO CLINIC CASES 

Oul observ^ations have been made in ten cases In tliiee of these 
sections vveie obtained from the following legions ceivical, upper 
thoracic, lumbar and sacral legions of the spinal coid, sciatic, femoral, 
peroneal and tibial nerves, and dorsal mtei medial cutaneous, medial plan- 

44 Bramwell, B Diabetes Perforating Ulcer of the Foot, Adv'anced 
Atheroma of the Posterior Tibial Artery, the 'Vrterv Being Adherent to the 
Posterior Tibial Nerve, Marked Changes in the Posterior Tibial and Plantar 
Nerves, Clin Stud 5 279, 1907 

45 Schweiger, L Ueber die tabiformen Veranderungen der Hinterstrange 
bei Diabetes, Arb a d neurol Inst a d Wien Univ^ 14 391, 1908 
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tai and digital neives of the feet In one case which came to neciopsy 
the spinal cord was not removed, but peupheial neives weie obtained 
In the lemaining six cases, a leg was amputated foi gangiene, and the 
anatomic examination was limited to the neives of the amputated 
extiemity A few fiozen sections weie made, but foi the most pait the 
tissue was embedded in paiaffin and celloidm The stains used weie 
vaiious modifications of Weigeit’s stain, hematoxylin and eosin, non 
hematoxylin, acid fuchsm-amlme blue-oiange G, Weigeit’s elastic tissue 
stain, thionine and the stains of Mai chi, of Oilandi togethei with schai- 
lach 1, and of van Gieson 

Casi 1 — A farmer, aged 55, first consulted the Mayo Clinic on Feb 18, 1925, 
with the complaint of diabetes Polyuria had occurred when he was 40, 
but had not persisted More marked polyuria and polydipsia had occurred again 
when he was 49, and sugar had then been found in the urine Imperfect treat- 
ment had been applied for the following six years The urine rarely had been 
sugar flee, except for a short period of starvation at the beginning of treatment 
The family history was without significant features The patient’s previous ill- 
nesses included an attack of acute nephritis in childhood, an attack of sciatica on 
the right side at the age of 35 and influenza with pneumonia at the age of 45 
There was no history of venereal infection Tobacco and alcohol had been indulged 
m moderately The maximal body weight, 212 pounds (96 Kg ), had been reached 
at the age of 45 Since that time a loss of 73 pounds (33 1 Kg ) had occurred 
gradually Other symptoms included progressive loss of strength, dyspnea on 
exertion, epigastric pain associated with a feeling of fulness and belching after 
meals Pains and numbness of the legs had begun one year before examination, 
starting in the toes, gradually increasing in severity and extent, and finally involv- 
ing both legs from the hips down The pains, which often were sharp and 
darting, usually more severe between 5 and 9 a m , were relieved rather than 
exacerbated by exercise, and were aggravated by changes in the weather The 
numbness affected the feet The inner sides of the thighs and knees were hvper- 
scnsitive, and the skin of the upper part of the abdomen recently had felt raw, 
distention pain 

The height was 5 feet and 7 inches (170 2 cm ) Marked thickening of the palpable 
arteries was noted , the blood pressure was moderately elevated, being 150 systolic 
and 90 diastolic, measured in millimeters of mercury Mild diabetic retinitis of the 
central punctate type was present Severe pyorrhea was noted and also calcified 
pleuritis o\er the left lung, the heart was displaced to the left, and there was 
inversion of the T wave m lead I of the electrocardiogram The liver was 
enlarged , its lower margin was palpable 3 cm below the costal margin and it 
was harder than normal The prostate gland w'as enlarged and boggy The 
Wassermann test of the blood w'as performed seven times wath negative results 
Data obtained bj spinal puncture were negative except for a positive Nonne test 
Tile basal metabolic rate W'as normal on several trials On the patient’s admission, 
the mine contained 4 2 per cent of sugar but did not contain acetone bodies The 
blood sugar w'as 280 mg in each hundred cubic centimeters The reflexes of the 
left upper cxtremitj were definitelj diminished as compared with those of the 
right upper extremiti The patellar reflexes were obtained onlj on reenforce- 
ment The reflexes of the tendo achilhs w’ere absent Tlie pupillarj reflexes 
were normal Tlie cahes of the legs'were tender to pressure hut w'lth this excep- 
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tion muscular tenderness was not present The superficial sensibility for touch, 
pain and temperature was slightly decreased over the feet, and sensibility to pain, 
tested by pricking with a pm, was slightly delayed as compared with tactile sensi- 
bility' over the feet and back Vibratory' sensibility was slightly reduced o\cr the 
malleoli 



Fig 1 (case 1) — Sciatic nerve Circumscribed areas of degeneration, da , may 
be seen among ner\ e fibers otherwise normal, n f , m appearance A number of 
sclerotic vessels, b v also are present Acid fuchsm-aniline blue-orange G stain , 
X 60 

Under management with a suitable diet,' and relatively small doses of insulin, 
gly'cosuria and hy'pergly'cemia were promptly' controlled Nevertheless, the pains 
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continued, until some time later some relief was obtained following resort to an 
exclusive milk diet elsewhere The relief was transitorj A.t another time, some 
benefit apparcntlv was obtained by daily doses of theobromine In iSlarch, 1926, 
the patient contracted er\sipelas of the face, from which he died 



Fig 2 (case II — Sciatic nerve The contrast between normal, nf, and degen- 
erated areas, d a is w ell marked Acid fuchsm-aniline blue-orange G stain , 
X 130 


Necrops\ disclosed eresipelas of the face, head and neck, with invohement 
of the superior mediastinum, bilateral bronchopneumonia, old tuberculosis of the 
left lung w'lth caiifation obliteration of the pleural caMtj with calcification, old 







590 


ARCHIVES OF INTERNAL MEDICINE 


empyema, spina bifida occulta, marked general aiteriosclerosis and h>perplastic 
cirrhosis of the liver, which weighed 2,400 Gm 

The examination of the spinal cord and nerve roots showed nothing that might 
be regarded as abnormal, considering the age of the patient The walls of the 
vessels, however, were noticeably thickened Examination of the peripheral nerves 
showed rather marked degeneration and arteriosclerosis and a moderate increase 
in thickness of the perineurium In the femoral nerve, m which the degeneration 
was least marked, slight infiltration of small round cells and wandering tissue 
cells was noted Scattered nerre bundles of the sciatic nerves were obviously 
necrosed (figs 1 and 2) In the femoral nerves there was degeneration and 
arteriosclerosis (fig 3) The marked arteriosclerosis w'ould make one suspect the 
possibility of some relationship betw'een this and the degeneration of the nerves 



Fig 3 (case 1) — Femoral nerve Numerous nerve fibers, nf , are to be seen, 
how ever, manj are degenerated, and vessels, b v , with thickened walls are m evi- 
dence Acid fuchsin-anihne blue-orange G stain, X f50 


Case 2 — A farmer, aged 49, first consulted tbe Mayo Clinic on Dec 22, 1922, 
•with the complaint of ulcers of the toes Polyuria and polydipsia had been present 
for four A'ears , during this time a gradual loss of strength had occurred and the 
w'eight had fallen from 240 to 178 pounds (108 8 to 80 7 Kg) The urine had 
been examined shortly before admission and sugar had been found For a jear, 
the feet had been numb and cold, and blisters of the toes leading to discoloration 
and ulcers had occurred on Nov 1, 1922 Four other members of the family had 
had diabetes the father, a sister and two brothers The patient did not have 
children The previous illnesses included gonorrheal infection at the age of 27 
and pneumonia at the age of 42 There wms no history of syphilis He had used 
tobacco and alcohol moderatel}' for years 
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Examination revealed a sturdy man 6 feet 083 cm) m height, weighing 178 
pounds, with gangrenous ulcers' of both great toes Other significant obserxations 
were the following blood pressure 112 systolic and 78 diastolic, in the ejegrounds, 
some irregularity of arterial reflexes but absence of definite arteriosclerosis, one 
questionable, small, punctate retinal hemorrhage, and absence of reflexes in both 
the patella and the tendo achillis The first twenty-four hour specimen of urine 
after admission to the hospital contained 271 3 Gm of sugar, but acetone was not 
present, the blood sugar after fasting was 250 mg in each hundred cubic centi- 
meters The Wassermann reaction of the blood w’as negative After so\cral 
weeks spent in bed, the ulcers of the toes healed and the patient was discharged 
with the urine free from sugar and diacetic acid, and the blood sugar after fasting 
150 mg for each hundred cubic centimeters 



Fig 4 (case 2) — Tibial nerve Longitudinal section of a nerve bundle, ii , 
showing inflammatory reaction, i c Van Gieson stain , X 140 

The patient w'as admitted again for gangrene on Feb 4, 1927 In the inter\al 
he had follow'ed a weighed diet with reasonable accuracj and had used 10 units 
of insulin daily At this time the patient Aveighed 178 pounds The urine w'as 
free fiom sugar and the blood sugar was 137 mg for each hundred cubic centi- 
meters Gangrene affected the middle toe of the left foot Roentgenograms 
revealed marked calcification of the \csscls of the legs and feet Examination of 
the eyegrounds show'cd moderate fibrosis of the retinal arteries and some punctate 
degeneratn e exudates 

On Februarv 7 the middle toe of the left foot was amputated TliC patient 
did well until Fcbrinry 19, wdien severe infection of the foot developed which 
spread up the leg as cellulitis On ilarch 1, the leg was amputated On March 
5, the patient died 

At necropsv cellulitis of the left th>gh, slight icterus and hemorrhagic cvstitis 
were found The spleen was enlarged, it weighed 408 Gm Ihere was marked 
sclerosis of the arteries of the foot and thrombosis of the superficial veins The 
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spinal cord was not removed Sections of the peripheral nen-^es stained poorly b^ 
modihcations of Weigert’s method, but the general structure of the myelin sheaths 
was fairly well maintained at higher levels Well marked degeneration, however, 
was evident more distally from a study of the other sections Accumulations of 
fat-bearing cells were seen in the perivascular spaces The nuclei of the cells of 
the sheath of Schwann were increased m numbers There was slight infiltration 
with polymorphonuclear leukocjtes, and more distally rather well marked infiltra- 
tion with lymphocytes, and of endotlielioid cells, chiefly extraneurally (fig 4) 
The connective tissue was somewhat increased and there was thickening of the 
arteries in the nerve bundles (fig 5) These changes were marked in the digital 
nerves, m which normal nerve fibers could not be demonstrated The muscle 



Fig 5 (case 2) — Cross-section of tibial nerve The degeneration is not so 
clearly shown at this magnification but the thickened vessels, bv, are apparent 
Van Gieson stain , X 60 


fibers showed numerous fat droplets by the Marchi stain (fig 6) The fibers 
were swollen and fragmented, the striae were often lost, and there was slight 
evidence of inflammation 

Case 3 — The patient, aged 75, w’as admitted on May 29, 1923, complaining of 
cataract m the right eye There w'as no record of previous illnesses or of the 
consumption of alcohol or tobacco 

Examination of the fundi showed questionable primary arteriosclerosis The 
blood pressure was 160 systolic and 70 diastolic A second examination was made 
in January, 1924, because of a recent cold Evidences of pneumonia were found 
-Roentgenographic examination of the chest disclosed consolidation of the right 
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upper and lower lobes and interlobar pleuris}'- Aitenosclerosis was marked 
Pulsation of the vessels of either foot could not be palpated The radial arteries 
were extreme!}^ sclerotic, and roentg-enograms of the left leg levealed calcification 
of the arteiies The urine contained 7 per cent of sugar but not acetone bodies, 
the blood sugar was 400 mg m each Inmdied cubic centimeters Tlie neurologic 
features of this case were the following The patient complained of a severe 
burning, stinging pain of the foot accompanied by marked hyperesthesia and 
numbness in the posterior portion of the calf of the left leg and left foot Slight 
atiophy and fibrillation of the calf of the left leg and of the right anteiioi tibial 
gioup of muscles were noted Reflexes m both tendo achilhs weie absent 
Cutaneous sensation was noimal 

A third examination w'as made in Jul\, 1925, at which time the patient w'as 
admitted with the complaint of gangienc of the tlirec lateral toes of the left foot 



Fig 6 (case 2) — Section of muscle from anteiior tibial group The low'S of 
fat droplets stained black by the osmic acid are the most piominent feaUues of 
the injured muscle, Marchi stain 

This had begun three months previous!}' The blood pressure was 240 svstolic and ' 
130 diastolic Diabetes had been mild after lecovery from the attack of pneu- 
monia and until recently had been rcadih' controlled by a qualitative diet, without 
insulin The left leg was amputated through the knee 

In February, 1927, the left hip was fractured, and the patient w'as readmitted 
to the hospital m March m a state of collapse The urine again contained sugar, 
granular casts and a laige amount of albumin Death occurred on March 28, at 
the age of 75, two dajs after a stroke of paralysis involving the left side 

At necropsy a large, infarcted region w'as found on the right side of the brain, 
W'hich contained numerous hemorrhages and polyiriorphonuclear cells There was 
a moderate degree of arteriosclerosis of the smaller vessels Examination of the 
spinal cord showed the changes of senility The cells of the anterior horn were 
greatly reduced m numbers on one side of the cord in the low'er lumbar level 
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Unfortunately, the sides had not been marked before embedding, and whether or 
not these changes corresponded to the side of the amputated limb could not be 
determined It will be recalled that fibrillary tremors had been observed in the 
lower extremities at an earlier examination These were bilateral and it is 
unlikely that they were occasioned by disease of the cells of the anterior horn, 
since those on one side were normal The hemiplegia had, of course, occurred too 
recently to have produced any notable results in the tracts of the cord On the 
whole, the peripheral nerves appeared to be fairly normal at higher levels In 
isolated fibers were some droplets of fat and an occasional fat-laden cell There 
was a moderate degree of degeneration in the plantar nerves The nuclei of the 
sheath of Schwann were considerably increased in numbers, and there were a few 
wandering tissue cells The arteries within the nerves at the levels examined 
were fairly normal in appearance 



Fig 7 (case 4) — Longitudinal section of femoral nerve Marchi granules, 
dnj, are stained black in the degenerating nerve fibers , f , adventitious fat 
Marchi stain, X 75 

Case 4 — A housewife, aged 53, first consulted the Mayo clinic on Feb 6, 1928 
She complained of soreness of the left lower quadrant of the abdomen, which had 
been present for twenty-seven years, and sore feet, which she said had felt “like 
worms jumping in them,” for six years Polyuria and polydipsia had been present 
since 1925 The urine was examined and glycosuria noted in 1926, but treatment 

had not been instituted Theie had occurred an occasional bloody discharge from the 
vagina for two 3 'ears, and soreness had appeared on the toes two years previously 
Previous illnesses included pneumonia, sore throat, otitis media and mumps, with 
no historj' of syphilis The patient had not overindulged in the use of tobacco or 
alcohol The height was 5 feet and 9 inches (175 cm ) , the maximal weight, 230 
pounds (104 3 Kg), had been reached in 1925 

The weight on admission was 165 pounds (74 8 Kg ) Examination revealed 
an advanced carcinoma of the cervix, with some pelvic infiltration, moderate 



wo LTMAN-WILDER— DIABETES MELLITUS 


595 


peripheral arteriosclerosis and trophic ulcers of the feet The blood pressure was 
140 systolic and 75 diastolic The dorsalis pedis arteries pulsated normally on 
both sides The urine contained a trace of sugar and diacetic acid The blood 
sugar was 250 mg in each hundred cubic centimeters 

Diabetes in this case proved severe, and required the administration of 40 units 
of insulin daily for its control The urine became free from sugar under treat- 
ment, the ulcers on the toes began to heal, and the patient became markedly 
improved The carcinoma was treated with radium, with satisfactory results 
On the day before death, an intense abdominal pain developed suddenly and 
pciitomtis followed a perforating gastric ulcer On exploratory operation, on 
Feb 27, 1928, enterostomy was performed The patient died the following day 
At necropsy diffuse peritonitis was found The carcinoma had become 
shrunken to such an extent that it was difficult to find any trace of it The pelvic 
nerves were not involved by scar tissue Sections of the spinal cord and cauda 



Fig 8 (case 4) — Tibial nerve The nerve fibers, nf, which are dark in this 
section are diminished m number A few of them show vacuolization and other 
abnormalities, dnf Weigert-Pal stain,. X 325 


equina were essentially normal One dorsal loot ganglion from the lumbar region 
showed occasional scattered polymorphonuclear leukocytes and wandering tissue 
cells In some of the blood vessels, a larger number of polymorphonuclear cells 
was seen In the sciatic nerves was slight arteriosclerosis, and slight degeneration 
was disclosed by the Marchi method Both femoral nerves were shown to be 
slightly degenerated by the Weigert stain, but somewhat more marked degenera- 
tion was revealed by the Marchi method (fig 7) In the tibial nerves, a moderate 
degree of degeneration was revealed by the Weigert (fig 8) and Marchi stains, 
and a moderate grade of arteriosclerosis 

Casl S — A retired farmer, aged 63, first presented himself at the Mayo Clinic 
in June, 1922, with the complaint of diabetes melhtus He had suffered with 

46 In cases 5 to 10 inclusive, only nerves from extremities amputated because 
of gangrene were available for study Changes noted here, however, resemble 
those found in the cases with necropsy so closely that they are included in the 
series 
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cramps in the thighs, calves, feet and hands for ten vears Eight months before, 
polydipsia had appeared and two months later he had consulted a phjsician because 
a nail on his right foot had become black and the toe red , sugar was discovered 
111 the urine at this time Previous illnesses included nothing more serious than 
mild influenza m 1918 and occasional tonsillitis There was no record of svphihs 
He had used tobacco wuth moderation, but he had not used alcohol 

The height was 63l4 inches (160 cm ) , the maximal w'eight 163 pounds 
(748 Kg), had been leached in 1909 On admission, the patient weighed 124 pounds 
(56 2 Kg) He had lost 10 pounds (4 5 Kg) in one month The blood pressure w'as 
152 systolic and 70 diastolic The region of the right toenail was infected The 
dorsalis pedis arteries pulsated normally The urine contained a large amount of 
sugar but did not contain acetone bodies The blood sugar w^as 238 mg m each 
hundred cubic centimeters 1 he Wassei mann reaction of the blood w'as negative 
Examination of the e 3 "egrounds revealed a few scattered, punctate retinal hemor- 
rhages, slight exaggeration of the retinal arterial reflex and relative venous 
engorgement After discharge from the hospital, the patient follow'ed a diet that 
was rigidlj restricted at first and then less resti icted, so that the urine contained 
sugar much of the time 

The patient returned to the clinic m Februarj', 1927 He had done w'ell until 
seven months before, when the second toe on the left foot had become painful, 
red and swollen Examination revealed drj' gangrene of the toe, blood pressure 
of 180 S3'’Stolic and 90 diastolic and moderate clinical eridence of arteriosclerosis 
There were some structural blurring in the nasal portion of the disk of the right 
eye, a number of scattered retinal hemorrhages and a group of points of e\udate 
Tne urine contained sugar but did not contain diacetic acid The fasting blood 
sugar the following morning, after a dose of 10 units of insulin the night before 
admission, was 129 mg m each hundred cubic centimeters The leukoevte count 
was 14,800 in each cubic millimeter of blood the blood urea w’as 37 and the blood 
sugar, 129 mg in each hundred cubic centimeters The carbon dioxide-combining 
pow'er wms 50 per cent The tendon reflexes were elicited wuth difficult 3 ' 

The gangrenous toe was amputated in March, 1927 The wound failed to 
heal, and on March 10, the left leg w'as amputated below the knee The wound 
again failed to heal and on iMarch 21 another amputation was made at the midale 
third of the left thigh The third operation w'as followed b 3 satisfactory healing 
During th s period, the urine occasionally contained sugar and diacetic acid For 
the most part, however, diabetes was rigidly controlled despite the infection, so 
that the blood sugar ranged from 196 to 93 mg in each hundred cubic centimeters 
The nerves removed from the higher levels of the amputated limb show'ed from 
slight to moderate degeneration In some of the bundles, how'ever, there was 
marked destruction There w'as marked arteriosclerosis of the vessels in the 
nerves At higher levels there wms a moderate amount of infiltration wuth small 
round cells and polymorphonuclear leukocytes This wms not present more 
distally Nerves from the peripheral parts of the limb were markedly degenerated 
and the digital ner\es were completely degenerated, as showm by stained prepara- 
tions of m 3 'elin sheath and axis cylinders Replacement had been made by con- 
nective tissue There was a moderate degree of degeneration of muscle fibers, 
fibers w'ere swollen, there wms some increase in the number of nuclei, and an 
accumulation of fine fat droplets m the fibrils, as shown by the Marchi stain 
Case 6 — A farmer, aged 64, was admitted to the Mayo Clinic on Feb 20, 1923, 
wuth complaints of gangrene of the left foot and diabetes Sugar had been dis- 
covered in the urine in 1917 and had not been absent since that time One month 
before admission, the left great toe had begun to tingle, had become tender but not 
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painful and presently had become gangrenous Previous illnesses included only a 
mild attack of rheumatic fever There was no history of syphilis The use of 
alcohol and tobacco had been moderate The height was 65^ inches (166 3 cm) 
The maximal weight reached 174 pounds (78 9 Kg ) 

The patient was pale, somewhat emaciated and extremely emphysematous, and 
the weight was 157 pounds (72 1 Kg ) The left great toe was completely 
gangrenous The popliteal arteries pulsated normally, but pulsation could not be 
felt in either dorsalis pedis artery The blood pressure was 98 systolic and 60 
diastolic The eyegrounds appeared normal The urine contained sugar and a 
trace of diacetic acid The fasting blood sugar was 240 mg in each hundred cubic 
centimeters The Wassermann reaction of the blood, if it was determined, was 



Fig 9 (case 6) — Digital nerve, n , and \essel, bv The nerve contains a few 
dark points which suggest normal myelin sheaths, but none of these proves to be 
such on closer inspection The sclerotic vessel neaiby is clearly shown Weigert- 
Pal stain, X ISO 

not recorded Diabetes proved to be difficult to control, and as much as 60 units of 
insulin were required, together with a rigid diet, to check glycosuria completely 
On February 26, the left leg was amputated through the upper third A second 
amputation through the middle of the thigh was necessary on March 5 Healing 
following the second operation was satisfactorj^ In April, large carbuncles 
appeared over the sacrum and lower lumbar region These were cauterized, 
resulting in laige ulcers which gradually healed The patient died at his home in 
diabetic coma on July 4, 1923, as a lesult of neglect He had been doing well, but 
following a family quarrel, his wife had refused either to prepare his meals or to 
give him insulin 
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There was rather well marked degeneration of the nerves at higher levels, as 
disclosed by all stains used, and there was complete degeneration in the digital 
branches (fig 9) The axis cylinders appealed to be fairly normal at higher 
levels, where there was thickening of the perineurium The nuclei in the 
course of the nerves were very much deformed and some of them were extremely 
attenuated, in other instances they were fragmented, bent, constricted and 
pyknotic There was slight infiltration of the perineural tissues with polymorpho- 
nuclear leukocytes and wandering tissue cells The vessels of the toes were very 
much thickened The muscles removed from the plantar aspect of the foot showed 
some vacuolization, fragmentation, increase in the number of nuclei and, in other 
places, outright necrosis 

Case 7 — The patient, a janitor, aged 57, was admitted to the Mayo Clinic on 
May IS, 1923, with complaints of diabetes and of gangrene of the toes Ten years 
previously, he had lost weight and strength and had suflfered from polyuria and 
polydipsia These symptoms had led to examination of the urine, sugar was dis- 
covered and a diet instituted, which had been followed fairly faithfully Two years 
prior to admission, after numbness had been noted in the feet, gangrene had set in 
in the left toes Recovery from this was satisfactory, with subsequent healing 
Four weeks before admission, gangrene had recurred Previous illnesses included 
only some attacks of tonsillitis jears before There was no history of syphilis 
The maximal weight was not recorded 

On examination, general arteriosclerosis, gangrene of the left toes, hypertension 
and myocardial degeneration were found Roentgenograms disclosed destruction 
of the first and second phalanges of the left great toe, other roentgenograms 
shoved thickening of the pleura in the right lower part of the chest The eye- 
grounds contained numerous exudates and hemorrhages around the macular 
regions, more marked on the right The picture was that of central punctate 
retinitis of the diabetic type The urine contained sugar but did not contain 
diacetic acid, the fasting blood sugar was 317 mg in each hundred cubic centi- 
meters The Wassermann reaction of the blood was negative Treatment was 
instituted, and on June 7, the left leg was amputated through the upper third 
Convalescence was satisfactory, and the patient was strong and well, without 
complaining of pains in the leg when last heard from m June, 1926 All of the 
nerves studied displayed marked degeneration and marked arteriosclerosis , the 
intensity of these characteristics was more marked peripherally A slight degree 
of small round cell infiltration was noted m one section 

Case 8 — The patient, a farmer’s wife, aged 58, was admitted to the Maj'O 
Clinic on Feb 4, 1927, with complaints of diabetes and gangrene Seven year*- 
previously, polyuria, polydipsia, general weakness, especially m the lower extremi 
ties, and a carbuncle over the lumbar region had led to general examination and 
to the discovery of sugar m the urine A diet had been instituted at that time 
Insulin had been used for eight weeks Previous illnesses included only occasional 
attacks of tonsillitis There was no reason to suspect syphilis Alcohol and 
tobacco had not been used The height was 5 feet inches (156 cm), and the 
maximal weight, 210 pounds (95 2 Kg), had been reached at the age of 40 Five 
months prior to admission, the fourth toe on the left side had become infected and 
had refused to heal The patient further complained of irritation of the external 
genitalia, and numbness of the right arm and legs when she was fatigued 

Examination revealed a bodj" weight of 167 pounds (75 7 Kg), and gangrene 
of the third and fourth toes of the left foot Calcification of the vessels of the 
legs wms revealed by roentgenograms The right ocular fundus contained hemor- 
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rhages and areas of degeneration , the left fundus was obscured by cataract of the 
lens The urine did not contain sugar or diacetic acid but contained much pus 
The fasting blood sugar was 153 mg m each hundred cubic centimeters , later this 
figure rose to 217 mg The blood urea was 36 mg , and the carbon dioxide com- 
bining power was 58 per cent by volume The Wassermann reaction of the blood 
was negative Neurologic features were as follows absence of tendo achillis and 
patellar reflexes, diminution of tactile, vibratory and joint sensibilities, moderately 
on the left foot, more noticeably on the right, moderate incoordination of both 
lower extremities, tenderness of the calves of both legs, and increase m the size 
of the left peroneal nerve where it passed over the head of the fibula 

The diabetes in this case proved to be rather mild and was readily controlled 
with a careful diet and small doses of insulin (from 10 to 20 units), m spite of 
infection accompanied by a temperature at times as high as 103 F, and by leuko- 
cytosis On February 14, the third and fourth toes of the left foot were amputated 
On March 7, the left leg was amputated at the upper third, and on March 21, 
the leg was reamputated at the middle of the thigh The wound again failed to 
heal, and the patient died on May 19, 1927 Necropsy was not obtained 

A study of the peripheral nerves in the amputated leg showed marked degenera- 
tion at higher levels, and there was complete disintegration and a general loss of 
architectural arrangement distalh The nuclei of the neurilemma were con- 
siderablj”^ increased m numbers Wandering tissue cells were present m moderate 
numbers, both in the nerves and ill the surrounding areolar tissue There was 
some ballooning, and here and there the staining of the myelin sheaths was inter- 
rupted and vacuolization was noted Arteriosclerosis was moderate above and 
marked below In the peroneal nerve, one of the arteries was calcified and con- 
tained a canalized thrombus The digital nerves were completely degenerated , 
some of the adjacent blood vessels were thrombosed The connective tissue was 
moderately increased The Marchi stain did not show accumulation of fat, how- 
ever, fat was noted m sections stained with scharlach r The muscles of the 
calves of the legs were fairly normal , however, there was some longitudinal 
splitting of the fibers, disappearance of the striae and increase in the number of 
nuclei 

Case 9 — The patient, an attornej", aged 71, consulted the Mayo Clinic on 
March 15, 1927, with complaints of gangrene of the left foot and kidney trouble 
Four or five years previously, he had had nocturnal frequency of urination Two 
weeks before admission a callus appeared under the toes of the left foot, this 
became infected later, the toe turned black and the back of the foot became red 
There had also been some polydipsia recentlj Previous illness included two 
attacks of influenza and one each of gonorrhea, pleurisy and syphilis A secondary 
rash was noted at the age of 40, a primary rash had not been noted There had 
been moderate indulgence m alcohol and tobacco 

The patient was 6 feet m height and weighed 180 pounds (81 6 Kg ) His 
previous maximal weight was not recorded The blood pressure was 120 systolic 
and 80 diastolic Examination of the eyegrounds revealed peripheral pigmentary 
degeneration of the choroid, of the senile type Roentgenograms of the left foot 
showed hypertrophic arthritis of the metatarsophalangeal joint, and marked 
calcification of the vessels The left great toe was affected with dry gangrene 
The dorsum of the left foot was reddened and warm The leukocyte count was 
22,200 m each cubic millimeter , the Wassermann reaction of the blood was strongly 
positive on two occasions The urine contained a trace of sugar but did not contain 
diacetic acid The blood sugar was 172 mg in each hundred cubic centimeters 
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Three or four colonies of St) eHococcus VDidans appeared m the blood cultures 
made on March 18, but growth was not evident in the culture made March 19 
The left leg was amputated on March 17, through the lower third of the thigh 
Healing was unsatisfactory and reamputation was done on April 9 through the 
middle third of the thigh 

The sciatic nerve did not stain well with modification of Weigert’s stain, but 
by other methods from slight to moderate degeneration rvas noted Distally, the 
nerves were greatly altered There was moderate arteriosclerosis above, and more 
marked arteriosclerosis below The connective tissue was somewhat increased, 
and a moderate number of wandering tissue cells was noted The cells of the 
neurilemma were increased m number and distorted to a moderate degree The 
muscle showed rather marked degeneration with the Marchi stain , the fibers 
were irregular in si^e, and the striae could not be seen m places 

Casf 10 — A farmer, aged 72, was admitted to the Mayo Clinic on May 23, 
1927, with complaints of gangrene and diabetes Siv months previously, a horse 
had stepped on his left great toe and a few days afterward, a block of wood had 
fallen on the same toe The resulting infection failed to heal, and led to gangrene 
Polyuria had been noted a year previously, but sugar had been found for the first 
time when a physician’s advice was sought because of the injured toe A diet 
restricted qualitatively in carbohydrate had been followed since then A daughter 
had diabetes and a brother had died from arteriosclerosis There was no history of 
venereal infection Previous illnesses included tonsillitis at the age of 37 and 
appendicitis at the age of 57 Alcohol had been used rarely, and tobacco moderately 
(one box of snuff each week) The maximal body weight, 210 pounds (95 2 Kg ), 
had been attained at the age of 67 

The height was 5 feet and 4 inches, the weight was 151 pounds (68 5 Kg) 
The blood pressure was 138 systolic and 90 diastolic There was moderate 
p 3 orrhea and some evidence of arteriosclerosis Pulsation could not be palpated 
in the arteries of either foot or in the popliteal arteries The toes of both feet 
were bluish when the legs were dependent There was gangrene of the first left 
toe The ejegrounds revealed rather small arteries and moderate retinitis of the 
central, punctate, diabetic type Large plaques appeared m the macula of the left 
ej'e and smaller exudates in the right macula Foimation of new vessels was 
noted in the left disk, and opacitv of the lens was present in both eyes Roent- 
genographic examination revealed hypertrophic arthritis of the ankles The urine 
contained a small amount of sugar, a trace of albumin and a few erythrocytes and 
leukocytes The blood sugar was 195 mg in each hundred cubic centimeters 
The Wassermann reaction of the blood was negative Diabetes in this case proved 
relativel}’^ mild and could be controlled by dietetic management alone The left 
leg was amputated above the knee, where the vessels were found to pulsate but 
were very much thickened A study of the nerves disclosed moderate degeneration 
at higher lev'els and rather marked degeneration peripherally Here the sections 
stained by the method of Orlandi together with scharlach r showed not only 
marked degeneration, but delicate tenuous fibrils obviously in a stage of regen- 
eration There was moderate arteriosclerosis of the v'essels within the nerves 
which was more marked distallv Wandering tissue cells in moderate numbers 
were seen peripherally in the nerve and its sheath The nuclei of Schwann’s cells 
were irregular, elongated some of them pyknotic and others vacuolated The 
muscle fibers were verv wide, pale and fragmented, had lost their striations and 
were obviously rather markedly degenerated 
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comment 

The ten cases leported weie selected foi study moie because of avail- 
ability of neuiologic tissues foi histologic examination than because they 
weie especially good examples of diabetic neuiitis Although in cases 
1 and 8 the neurologic complications weie sufficiently complex to justify 
a diagnosis of pseudotabes diabetica, few of the othei patients exhibited 
more than mild pain oi paresthesia and none any ataxia or motoi weak- 
ness The extent of degeneiation found in the peiipheral neives in all 
ten cases is the more lemaikable, m view of the mildness of nerve symp- 
toms It would appeal that accuiate con elation does not exist between 
the degree of degeneiation of the neives and the symptoms 

The degeneiation noted m the thiee spinal coids examined was 
slight, and most of this could readily be explained on the basis of senility 
and aitenosclerosis When the clinical featuies of cei ebi ospinal aiterio- 
scleiosis aie subti acted fiom those noted theie is a lesiduum which can- 
not be accounted foi on the basis of the changes noted in the spinal cords 
We are unable to agiee with the view of Sandmeyer and othei s that the 
degeneration of the spinal coid is of the type seen m pernicious anemia 
The clinical pictuie m these cases was also totally unlike that of subacute 
combined degeneiation of peinicous anemia We have not encounteied 
such a case oui selves, except in five cases in which the two diseases, 
pernicious anemia and diabetes, were associated One gams the impies- 
sion that the lateial columns aie seldom, if ever. m\ol\ed by diabetes, 
and that the mechanism in the pioduction of the lesions lepoited as 
occuiring m the posteiioi columns must be diffeient fiom that active m 
peinicious anemia The leports of Williamson^'* and Schweigei aie 
the most convincing m this lespect 

The degeneration of the neives was extensive in eight cases, and 
less marked m two It was usually difiuse, but m two cases it was 
patchy and involved isolated bundles of fibeis lying in the midst of rela- 
tively noimal bundles This is not seen in the usual cases of toxic neu- 
ritis Whether oi not it was only a coincidence we cannot say, but it 
was only in these two cases that the diagnosis of pseudotabes diabetica 
could be made Associated with it in all but one case was maiked 
thickening of the, walls of the mtianeuial vessels Cellulai infiltiation, 
usually slight, was piesent in nine of the cases The peimeuiium was 
thickened in all but one case The muscles showed a rathei maiked 
degeneiation m the six cases m which the muscles weie studied 

In the ten cases studied it does not seem likely that acidosis was a 
factor of any etiologic significance Many of these patients weie undei 
leasonably caieful management The diabetes m all of them was mild 
01 model ate, and acetone was seldom found m the mine Similailv, 
theie IS little leasoii to believe that sugai in the blood played much of a 
part It is tiue that the blood sugai was elevated in all of the cases, but 
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it was not excessively high in any of them, and the viiine was fiee from 
sugar 111 most of the cases most of the time Furtheimoie, if acetone 
bodies or sugar pioduce neuritis, we should expect to encountei more 
neuiitis m gioups of patients with seveie diabetes , this is not oui clinical 
expel lence The severest diabetes occurs as a rule in young patients, 
and such patients seldom manifest neuiitis Indeed, if we exclude fiom 
consideration the pains of acidosis (piecoma pains) which promptly dis- 
appear when acidosis is brought under control, young persons with 
severest diabetes practically never complain of pain, paresthesia or other 
neurologic symptoms Although the patients with severest diabetes are 
usually young, we hare also seen a great many cases of seveie diabetes 
in older patients uncomplicated by neuiologic symptoms 

In the individual case one is never certain that some complicating 
infection oi toxin may not be responsible foi neuritis, but when large 
gioups of patients with diabetes are compared with groups of patients 
with other chronic disease, for instance tuberculosis, one is struck by 
the fact that neuritis occurs with much greater frequency m the group 
of patients with diabetes This should not be the case if complicating 
infections rveie responsible In the ten cases included m this study, 
syphilis was present in only one, and other complicating infection or 
intoxication rvas not sufficiently in evidence to explain the neuritis 
encountered 

Striking clinical dissimilarity between neuritis of diabetes and that 
produced by alcohol, lead, diphtheria and other common causes of neu- 
ritis is the almost exclusive predilection in diabetic neuritis for sensory 
disturbances Pam, paresthesia, and aieflexia are the more important 
chaiacteristics Lack of the usual sensitivity of nerve trunks and muscles 
and marked predilection foi involvement of the lower extiemities are 
also characteristic Motor lesions are laie, although peroneal palsy 
from injuiy of the nerve by crossing the legs and crutch palsy are not 
uncommon, the nene tiunks, it would seem, are moie vulnerable than 
normall} Like “the crossed leg” paralysis of nondiabetic patients, the 
peroneal palsy of diabetes is much more common in men 

That atherosclerosis of the nutrient vessel of the nerAes plays a 
leading part in the pioduction of diabetic neuritis a])peais to be highly 
probable In each of the ten cases described in this report, marked 
aitenoscleiosis was present as a complication The patchy charactei of 
the lesions m the nerves in some cases and the marked thickening of 
the walls of the intianeural vessels are consistent with the idea that 
aiteiiosclerosis and the lesultmg ischemia of neivous tissue were factors 
of significance In practically all of our clinical cases of diabetic neu- 
ritis and in all reported here, clinical evidence of complicating arterio- 
sclerosis IS at hand The description of the so-called arteriosclei osic and 
senile neuritis that is obselved in subjects free from diabetes coincides 
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well with what we obseive in diabetic iieuiitis‘‘’^ The digital nerves 
studied by Mahornei in cases of Bueiger’s disease in which ischemia 
IS certainly piesent, show similai necrosis of isolated nerve bundles On 
the other hand, as has been stated, there is not an accuiate correlation 
between the degiee of degeneiation of the neives and the symptoms 
The subject deseives attentive consideiation, and it is to be hoped that 
additional histologic mateiial fiom cases intensively studied duimg life 
may be subjected to examination 

SUMMARY AND CONCLUSIONS 

1 Diabetic neuritis is mainly a sensoiy distuibance without coiie- 
spondmg motor impaiiment, pain, paiesthesia and aieflexia are its main 
chaiacteiistics It shows also a maiked piedilection foi the lower 
exti emities 

2 The histologic material fiom ten cases studied clinically is 
desciibed Two of these cases are instances of diabetic polyneuiitis 
In these two cases, isolated bundles of nerve fibeis weie neciotic 

3 The degeneiation noted m the spinal cord is i datively unimpoi- 
tant, and it is doubtful whethei it could explain the clinical data The 
lesions in the spinal coid do not heai icsemblance to those found m com- 
bined degeneiation of the coid seen in pernicious anemia 

4 The most significant lesions aie those of the nerve ti links These 
are associated in nearly all cases with maiked thickening of the walls 
of the intianeuial vessels The degeneiation is moie marked toward 
the peiiphery 

5 There is good leason to believe that neithei glycosuiia noi acidosis 
plays a direct pait m the pioduction of diabetic neuiitis In the ten 
cases studied, syphilis could be diagnosed in only one, and othei compli- 
cating infections and intoxications such as those caused by alcohol and 
certain metals were not sufficiently in evidence to explain the neuritis 

6 The lesults of this study lend support to the opinion that the fac- 
tor of greatest significance in the lesions of the neives found m diabetes 
melhtus is atheioscleiosis 

47 Gombault, Albert Note sur I’etat du nerf collateral extreme de gros 
orted chez le vieillard, Bull Soc anat de Pans 4 410, 1890 Lapinsky, Michael 
Zur Frage der Veranderungen m den penphenschen nerven bei der cronischen 
Erkrankung der Gefasse der Extremitaten, Deutsche Ztschr f Nervenh 13 468, 
1898 Oppenheim, Hermann Ueber die senile Form des multiplen Neuritis, 
Berl kill! Wchnschr 30 589, 1893 Joffroy, A , and Achard, C Nevrite 
penpherique d'ongine vasculaire. Arch de med exper et d’anat path 1 229, 
1889, Gangrene cutanee du gros orteil chez un ataxique, considerations sur le role 
de la nevrite penpherique dans I’ataxie, ibid 1 241, 1889 Schlesinger, Hermann 
Ueber erne duich Gefasserkrankungen bedmgte Form der Neuritis, Neurol 
Centralbl 14 578 and 634, 1895 , Die Sehnen- und Hautreflexe an den unteren 
Extremitaten bei alten Leuten, Deutsche Ztschr f Nervenh 47-48 710, 1913 

48 Brown, G E , Allen, E V, and Mahorner, H R Thrombo-Angiitis 
Obliterans, Philadelphia, W B Saunders Company, 1928 p 40 



MASSIVE PULMONARY ATELECTASIS 
(COLLAPSE) 

ITS PROBABLE MECHANISM AND CLINIC \L SIGNIFICANCE 
HERMAN HENNELL, MD 

NEW \ ORK 

Since Pasteur’s^ oiiginal stud) of this phenomenon as a postdiph- 
theiitic and postoperative complication, this subject has been receiving 
inci easing attention Numerous case repoits and reviews have appeared 
containing many obseivations on the etiology, incidence and mechanism 
of this phenomenon Its probable mechanism has particularly nitei- 
ested the vaiious authors, and various theories have been advanced 
to explain it I shall leport five additional cases of massive pulmonary 
atelectasis One of these was studied in consideiable detail over a peiiod 
of years, and piesents some unique features not previously repoited 
All the cases illustrate the various factois which aie responsible foi 
this phenomenon suggesting its piobable mechanism, and emphasizing 
its clinical significance 


DEFINITION AND CLASSIFICATION 

By massive collapse, atelectasis oi apneumatosis is understood the 
deflation of laige portions of lung tissue to a retiacted airless state 
While these terms aie fiequently used interchangeably, Scott, Paiicoast, 
Jackson - and others piefer the term atelectasis as one which describes 
the condition of deflation of the alveolar tissue more accuiately They 
would leserve the teim collapse of the lung for the condition resulting 
fiom positive intrapleural pressuie, as in pneumohydiopyothoiax, m 
which theie is not only deflation of the alveolai tissue but also collapse 
of the bronchi No such differentiation is tenable oi advisable at this 
time In the cases repoited by Packaid,® collapse of the bionchi was 
assumed to be piesent in all cases of massive collapse, and he uses this 
as a differential point m the diagnosis of pulmonary collapse and pul- 
monaiy fibiosis In the lattei condition, this authoi claimed the bronchi 
lemain patent, while in massive collapse they aie collapsed 

Submitted for publication, April 25, 1929 

* From tbe Medical Department of the New York Post-Graduate Medical 
School and Hospital, service of Dr R H Halsev 

1 Pasteur, W klassive Collapse of the Lung, Brit J Surg 1 587 (April) 

1914 

2 Jackson, C, and Lee, W E Acute Massive Collapse of the Lungs, Tr 
Am Surg A 43 723, 1925 

3 Packard, E N Massive Collapse (Atelectasis) Associated with Pul- 
monari Tuberculosis and Tumor Am Rev Tuberc 18 7 (Juh ) 1928 
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Massive pulmonaiy collapse or atelectasis has been obseived in a 
gieat vaiiety of clinical conditions Pasteui ^ obseived it as a compli- 
cation in nasal and phaiyngeal diphtheiia, and believed it to be due to 
diaphiaginatic paialysis Latei he found many examples of this condi- 
tion as a postopeiative complication in abdominal cases Since then 
numeious lejDOits have appealed in the hteiatuie Biadfoicn found it 
in about 10 per cent of all persons suffeiing fiom nonpenetiating 
injuries of the thoiacic wall Otheis lepoited similai accidents com- 
plicating inj lines to the pelvis, buttocks and thighs There aie also 
cases on lecoid in which massive pulmonaiy collapse was found as a 
complication m acute cliaphi agmatic pleuiisy and m pneumonia Its 
occuirence with foreign body obstiuctions of the bionchi has been 
studied paiticularly by Jackson and his associates, and lecently it was 
described by Packai d ® and othei s in connection with obsti uctiiig endo- 
bionchial neoplasm, letamed blood clots following pulmonaiy hemoi- 
ihage, as well as a complication of pulmonary tubeiculosis 

Various classifications of this condition have been suggested, but 
none appeal satisfactoiy An analysis of the clinical types of massive 
collapse fiom the point of view of then piobable mechanism will piob- 
ably piove most helpful m the study of the subject 

THE MECHANISM OE MASSIVE COLLAPSE 

The eaihest obseivations on massive pulmonary atelectasis weie 
made m the new-born infant, so-called congenital atelectasis At biith, 
the alveolai walls aie in close contact and the lungs aie solid organs 
With the fiist lespirations, the lungs undeigo gradual expansion, the 
alveoli, bionchioles and bionchi rapidly assuming their peimanent foim 
Failure to do so lesults m partial oi complete pulmonaiy atelectasis A 
foim of congenital atelectasis not infiequently met with is that due to 
accumulated secretions occluding the bronchial tree of the infant and 
preventing the noimal inflation of the lungs It is a common practice 
of the.obstetiician to restore noimal respiratoiy function by aspirating 
these secietions This type of case repiesents the simplest mechanism 
of massive pulmonaiy atelectasis, namely, that due to gross and manifest 
bionchial occlusion 

Congenital atelectasis is also found in infants with congenital syphilis 
or with lesions of the central nervous system, as well as in those who 
are prematuie oi congenitally weak This type of atelectasis is appai- 
ently due to mteiference with normal respiratory movements It has 
been observed in some of these infants that, as a result of the weakness 
of the intei costal muscles, during inspiration, when the diaphragm 
descends, the thoiacic cavity instead of enlarging, recedes is sucked in, 

4 Bradford, J R Massive Collapse of Lungs, Quart J Med 12 127, 1918 



606 


ARCHIVES OF INTERNAL MEDICINE 


so to speak, maintaining the underlying lung in a state of partial or 
complete atelectasis Poitions of the lung in these congenitally weak 
infants may remain atelectatic during the first yeai of life A siinilai 
mechanism is probably operative in weak, cachectic or moribund persons 
in whom smallei or laiger areas of atelectasis, especially at the margins 
and bases of the lungs, are of frequent occurience clinically and post- 
mortem 

A careful analysis of the clinical and experimental data at hand 
suggests that, from the point of view of the piobable mechanism, most 
of the cases of acquired massive pulmonary atelectasis can be classified 
into three mam groups 

Group 1 Cases in which gross bionchial obstruction is the mani- 
fest cause of the condition 

Group 2 Cases in which the primary factor is an interference with 
the proper respiratory movements, with which is associated inci eased 
bronchial secretion and a suppression of the cough reflex The accu- 
mulated and retained secretions eventually lead to bronchial occlusion 
with resulting atelectasis 

Group 3 Cases in which extrabronchial pressure leads to partial 
stenosis, the complete occlusion probably being due either to mucosal 
tuigescence or to bronchial spasm, associated with plugs of retained 
inspissated secretions 

In all these cases, following the bronchial occlusion, the alveolar air 
IS absorbed by the pulmonary circulation and atelectasis results 

MecJiamsm of Massive Pulmonary Atelectasis Due to Gioss Endo- 
bionchial Obstiuction — This group includes the large number of cases 
in which obstruction in the bronchus is due to an opaque or nonopaque 
foreign body, to endobronchial neoplasm, to retained blood clots, to 
aspirated diphtheritic membrane, etc 

The mechanism involved with foreign body obstiuction has been 
studied extensively by a great many workers and particularly by Cheva- 
lier Jackson and his associates at his bronchoscopic clinic where they 
have seen hundreds of such cases This author recognizes three types 
of bronchial obstruction 

1 B 3 ^-Pass-Valve Obstruction This type is a partial obstruction 
which permits both ingress and egress of air past the obstruction and 
which does not cause either collapse or emphysema of the tributary lung 

2 Check-Valve Obstruction This type allows the air to pass in 
during inspiration, when the bronchial diameter is increased, but pre- 
sents the egress of air from the alveoli duiing expiration This will 
■occur when the obstructing object is just large enough to produce com- 
plete occlusion of the bronchus when the diameter is decreased during 
expiration As a result of this mechanism the air content of the alveoli 
IS progressively increased, eventually producing obstiuctive emphysema 
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3 Stop-Valve Obstiuction In this type the air cannot get in dur- 
ing inspiration or out during expiration Following this the alveolar 
air IS absoibed by the pulmonaiy ciiculation and atelectasis results 

While this last mechanism has been repoi ted most frequently in cases 
of all kinds of nut kernels m the bionchial tree, it has been seen m 
many otheis m which plugs of tough secretions or of diphtheritic mem- 
biane act as the occluding agent Jackson, after caieful study of a 
laige senes of cases, came to the conclusion that most, if not all, instances 
of so-called post-tracheotomic pneumonia were instances of massive 
pulmonaiy atelectasis lesulting from bronchial obstruction by inspissated 
crusts of secietions oi of diphtheritic membrane He repeatedly dem- 
onstrated that the signs of pneumonia would cleai up m a few minutes 
following bronchoscopic aspuation of these obstructions from the 
bronchi It is Jackson’s opinion that the postdiphtheritic pulmonary 
collapse reported by Pasteui and otheis, and believed by them to be 
caused by respiiatory paralysis, may in reality have been instances of 
bronchial obstruction by diphtheiitic exudate At any rate, in his clinic 
the routine lemoval of these obstiucting exudates from the bronchi has 
prevented the occurrence of massive pulmonaiy atelectasis as a post- 
diphtheritic complication 

An endobi onchial neoplasm may similarly produce bronchial obstruc- 
tion, with resulting massive pulmonary atelectasis, the mechanism being 
analogous to the one just described Packard® included in his repoi ts 
one such example Wessler and Jaches ® desciibed an interesting case 
of massive pulmonaiy atelectasis resulting fiom bionchial occlusion by 
a benign tumor After the removal of the tumor with the aid of the 
bronchoscope, the entire clinical picture, which had lasted several months, 
cleared up with remarkable rapidity Such instances ai e pi obably more 
frequent than the relatively few reports m the literature would lead one 
to believe The atelectasis resulting fiom this type of pulmonary occlu- 
sion, when relatively ciicumscribed, is undoubtedly taken for extensive 
tumor infiltration Howevei, a more careful study of the physical and 
loentgen signs m this type of case, with bronchoscopic examination, 
would readily establish the correct diagnosis 

Similarly, the letained clot after a brisk pulmonaiy hemoiihage may 
cause bionchial occlusion with resulting massive atelectasis Such a 
case has been lepoited by J L Wilson® m which the diagnosis was 
established by physical and loentgen examination and confirmed by the 
recovei)'- of the expelled blood clots in the form of bionchial casts, fol- 
lowing which all signs and symptoms cleared up 

5 Wessler, H , and Jaches, L Clinical Roentgenology of Diseases of the 
Chest, Troy, N Y , The South worth Company, 1923, p 51 

6 Wilson, J L Hemoptysis in Tuberculosis Followed by Massive Pul- 
monary Atelectasis, Am Rev Tuberc 19 310 (March) 1929 
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The following is a biief repoit of a siinilai case obseived b}' me 
about two yeais ago 

Case 1 — J\Irs M C , aged 29, had her initial hemoptysis about ten years before 
when her condition was first diagnosed as one of bilateral apical pulmonary tuber- 
culosis Since then she had had two more hemoptyses, one four years and the 
other four weeks before the occurrence of the present episode After each 
attack of hemoptysis she recuperated quickly, showing no extension of the 
pathologic process m the lungs, and being free from local and constitutional 
sjnnptoms between the attacks From her attending physician, I learned that the 
physical signs in the chest had for jears been limited to the apexes on both sides 

On the day following the last hemoptysis, a critical condition suddenly 
developed The patient appeared acutely ill, with a temperature of 103 F marked 
dyspnea and slight cyanosis The attending physician called my attention to the 
fact that shortly following the hemoptysis there had occurred a sudden and 
marked change in the physical signs m the left lung which he interpreted as 
those of extensive tuberculous pneumonia The physical signs m the chest at that 
time were striking The left hemithorax was retracted and relatively immobile, 
tactile fremitus was diminished or absent over the lower half, the percussion note 
was dull to flat over the upper half and markedly flat over the lower half, the 
breath sounds were of bronchial quality over the upper lobe and diminished or 
absent over the rest of the lung, no rales were heard On the right side, the 
respiratory movements were exaggerated and the apex showed evidence of old 
infiltration The cardiac apex beat could be seen and felt in the fourth left 
interspace near the anterior axillary border Die trachea was deviated to the 
left The diaphragmatic movements could not be determined because of the 
serious condition of the patient 

The history, clinical picture and phvsical signs suggested the diagnosis of 
massive pulmonary atelectasis due to bronchial occlusion bv a blood clot and 
involving the major portion of the left lung Because of the likelihood that the 
blood clot was infected, a guarded prognosis was given 

The patient’s condition continued to be serious, though she appeared less 
uncomfortable the next day On the third day', and about seventy-two hours 
following the onset of the bronchial obstruction, she had a severe spell of cough- 
ing followed by what appeared to be another hemopty'sis, which consisted of blood 
clots mainly, and which subsided after a short period of time When I saw her 
about one hour later, she appeared entirely comfortable Phvsical examination of 
the lungs at this time revealed improved resonance, fairly normal breath sounds 
and numerous rales over the left hemithorax The cardiac apex and trachea 
appeared to have returned to their normal position Within the next four days 
the symptoms subsided, and the signs in the chest were once again only those of 
bilateral apical tuberculosis 

This was an instance of massive pulmonaiy atelectasis resulting from 
bronchial obstiuction by a blood clot which was spontaneously lebeved 
after coughing up of the occluding clot The suddenness of the onset 
of the symptoms the charactei istic physical signs and the lapidity with 
which the entire clinical pictuie cleaied up aftei the removal of the 
obstruction are paiticulaily noteworthy 

The Mechanism of Masswe Atelectasis Due Pimiaiily to an Intel - 
f Cl once until the Neivou<; or MukcuIoi Mechanism of Rcspnation — In 
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this important and laige gioup of cases aie included all those which 
have been obseived as a postopei ative complication following uppei 
abdominal manipulations, as well as those occuning with paietic oi 
paialytic states of the muscles of lespiiation 

In connection with the piobable mechanism involved in the pioduc- 
tion of massive atelectasis m this type of case, many mteiestmg observa- 
tions have been made Mai tin and Haie, as quoted by Pasteui, weie 
able to pioduce in animals complete bilateral pulmonaiy atelectasis by 
section of both phienic neives Biiscoe' leported thiee observations 
of complete bilateial pulmonaiy deflation m patients with high cervical 
spinal paralysis ' In the suigical treatment of pulmonaiy tuberculosis 
by unilateral phienectomy, atelectasis of the lowei lobe is leadily accom- 
plished Pearson Iiwine, quoted by Jackson and Lee,- obseived atelec- 
tasis of the upper lobe in a patient with diphtheiitic paralysis of the 
thoiacic muscles In all these instances, paialysis of the muscles of 
lespiration lesulted in conesponding deflation of the pulmonary tissue 

A similai case has been obseived by me m a patient with alcoholic 
polyneuritis 

Case 2 — This patient, who, iii addition to extensive polyneuritis with involve- 
ment of the intercostal muscles, was also suffering with acute bronchitis, sud- 
denly developed severe suffocating dyspnea and a state of shock When seen a 
short time later, he presented the characteristic clinical picture of acute massive 
atelectasis involving most of the left lung He appeared to be m a state of shock, 
with marked dyspnea as the outstanding symptom The involved left hemithorax 
seemed shrunken and immobile, the trachea and heart were deviated toward the 
involved side, breath sounds were absent at the base and harsh over the upper 
lobe and no rales were elicited There was hyperresonance and evidence of 
bronchitis in the right lung With the aid of emetics and expectorants, the 
condition cleared up spontaneously within a few hours 

In this case the mechanism is somewhat more mtiicate The pri- 
mal y cause appeared to be the weakness of the intercostal muscles inci- 
dental to the existing polyneuritis An impoitant contributing factor 
was the patient’s habit of lying on his left side, thus favoiing the 
immobilization of the diaphiagm on that side This inteiference with 
the respiratoiy function undoubtedly lesulted m paitial atelectasis of the 
underlying pulmonaiy tissue As a lesult of the existing bronchial 
catarih, there was extensive bionchial secretion, owing to muscular 
weakness of the patient, the cough was ineflFective in dealing out the 
secretions as rapidly as they formed, so that they accumulated to a degree 
sufficient to act as occluding plugs in the bronchi With the development 
of complete bionchial occlusion, giadual absorption of the alveolai an by 

7 Briscoe, J C Mechanism of Post-Operative Collapse Quart J Med 
12 27 1918 
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the pulmonary circulation took place with resulting massive atelectasis 
Elliott and Dingley,® after a careful study of the subject, concluded that 
such a mechanism is operative in all cases m which immobilization of 
the diaphiagm and thorax occurs from any cause, whether it is due to 
paralysis or paresis of the muscles, to a prolonged faulty posture (as 
in draining cases) or to voluntary or reflex inhibition as a lesult of pain 
01 inflammation m the sublying structures These authors and many 
others believe this to be the mechanism in the massive pulmonaiy ate- 
lectasis observed as a complication after upper abdominal operations 
They point out that the interference with the respiratory movements is 
a predisposing factor, not only in the formation of mucous plugs in the 
bronchi, but also in the inability to expel them 

The following two reports illustrate the important clinical features 
-of this type of case 

Case 3 — A middle-aged Italian was admitted to the surgical service of 
Dr Bandler at the Post-Graduate Medical School and Hospital with a diagnosis 
of left pyonephrosis, for which a nephrectomy was performed on March 19, 1929, 
under general anesthesia One day after operation, the patient suddenly developed 
pain in the chest, severe dyspnea, moderate cyanosis and a distressing cough, with 
high fever Pneumonia was suspected He was seen by me six days later, at 
•which time he appeared acutely ill with marked dyspnea and a distressing unpro- 
ductive cough as the outstanding symptoms Physical examination of the chest 
revealed the following significant observations The right hemithorax appeared 
shrunken and practically immobile during respiration, while there was prominence 
and increased mobility of the left There was marked dulness over the right 
upper lobe, flatness over the right lower lobes and hyperresonance over the entire 
left hemithorax On auscultation, the breath sounds were harsh bronchial to the 
third rib on the right, weak to absent below that and exaggerated normal over 
the entire left lung No rales were elicited The trachea and heart seemed 
definitely displaced to the right 

Such physical signs occurring in a patient shortly after an upper abdominal 
•operation at once suggested the probable diagnosis of acute massive pulmonary 
atelectasis While such a clinical picture may be produced by pneumonia, pleurisy, 
spontaneous pneumothorax, pulmonary embolism or infarction or by an acute 
cardiac accident, the physical signs were characteristic of acute massive pul- 
monary atelectasis and seemed to justify such a diagnosis Figure 1 A shows 
the roentgen appearance of the chest at that time The homogeneous shadow 
-throughout the major portion of the right lung field, the marked displacement 
of the trachea, heart and diaphragm toward the affected side and the compensa- 
tory emphysema m the left lung were interpreted as characteristic of massive 
pulmonary atelectasis of the major portion of the right lung 

As the patient failed to improve after eight days of expectant treatment, inter- 
vention with the bronchoscope had to be resorted to Bronchoscopic examination 
by Dr C J Imperatori revealed the bronchi of the middle and lower lobes to be 
occluded by thick tenacious green mucus about 6 cc of which was aspirated (this 
showed a pure growth of the green streptococcus on culture) The bronchoscopy 


8 Elliott and Dingley Massive Collapse of the Lungs Following Abdom 
mal Operations, Lancet 1 1305, 1914 
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was well borne by the patient, and immediately following it he appeared consider- 
ably relieved of his dyspnea At the same time there w^as evidence of increased 
aeration m the upper half of the right lung, and numerous moist rales were heard 
over this area Roentgen examination of the lungs confirmed the physical signs 
of improved aeration m the upper part of the right lung 

The next day, although the patient appeared more comfortable, the chest signs 
were once again those of extensive massive collapse He was having a distressing 
cough and was expectorating thick tenacious green mucus with great difficulty 
After a second bronchoscopic aspiration on March 29, there was evidence of good 
aeration throughout the right lung, and this was confirmed by roentgen examina- 
tion immediately after bronchoscopy Figure 2 A show^s marked clearing of the 
density m the right hemithorax as well as the partial return of the trachea, heart 
and diaphragm to their normal position On March 31, the temperature, pulse 



Fig 1 (case 3) — A, postoperative massive pulmonary atelectasis involving 
most of the right lung Note the displacement of the trachea and heart to the 
affected (right) side B, made shortly before the second bronchoscopy, showing 
only slightly increased aeration in the right upper and lower lobes 

rate and respirations were normal, and the patient appeared comfortable and free 
from pulmonary complaints 

This case illiistiates the characteristic clinical features of acute mas- 
sive pulmonaiy atelectasis following an upper abdominal opeiation the 
sudden onset with acute respiiatory symptoms and shock one day post- 
opeiatively , the classic physical signs of the condition, the corroboiative 
obseivations on loentgen examination, the disco veiy and removal of the 
occluding tenacious mucous plugs with the aid of the bronchoscope with 
lapid clearing up of the entiie clinical pictuie Of interest fiom the 
point of view of mechanism is the occuiience of the atelectasis on the 
side contialateral to the opeiation, a condition appaientty determined m 
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this case by the peisistence of the patient in lying on his i ight side because 
of habit as well as because 'of pain in the opeiative wound on the left 
side That a similai mechanism may be opeiative m other cases of 
contralatei al collapse is not impiobable 

The othei case is that of a patient fiom Di Heyd’s suigical seivice 

Case 4 — The patient suddenly developed signs and symptoms of a severe 
pulmonary complication m the right lower lobe one day after a cholecystectomy 
A few days later, he appeared acutelj' ill, with high fever, marked dyspnea, 
considerable cyanosis and an annoying productive cough Phvsical examination 
of the lungs revealed evidence of bilateral bronchitis, but in addition, in the 
right base, there was marked dulness to flatness, the breath sounds were feeble 



Fig 2 (case 3) — A, roentgenogram made immediatelj after the second bron- 
choscopic aspiration of the occluding mucus from the bronchi of the right middle 
and lower lobes Note the markedly improved aeration of the right lung and the 
partial return of the mediastinal structures toward their normal position Patient’s 
pulmonary signs and symptoms greatly improved B, made four days later, 
showing still further clearing of the right lung The patient was free from all 
pulmonary signs and symptoms 

or absent, and few drj expiratory rales were heard In the absence of signs 
pointing to a subdiaphragmatic process, the diagnosis to be considered included 
the following pneumonia, circumscribed massive atelectasis, pulmonary infarc- 
tion and pleural effusion While ordinarily pneumonia would have been consid- 
ered the most likely diagnosis, circumscribed massive atelectasis was strongly 
suspected because the condition occurred postoperatively under circumstances 
which strongly favor its de\elopment Particularly noteworthy in the roentgeno- 
gram (fig 3) IS the marked elevation of the right side of the diaphragm, a 
circumstance which suggested that atelectasis was an important factor in the patho- 
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logic process in the right lower lobe, if indeed, it was not the sole process The 
entire clinical picture, as well as the physical signs, seemed to favor this inter- 
pretation 

This case illustrates the ease with which circumscnbed massive ate- 
lectasis may be overlooked oi mistaken £oi othei conditions, and also 
suggests that the frequency with which it is discovered clinically is m 
piopoition to the diligence with which it is looked foi 

In biief, the essential mechanism in the pioduction of pulmonary 
atelectasis in this gioup of cases is as follows The piimaiy factor is 
an mteifeience with the respiratoiy movements thiough musculai paiesis 



Fig 3 (case 4) — Roentgenogram of the lungs of a patient who suddenly 
developed signs and symptoms of a severe pulmonary complication in the right 
lower lobe following cholecystectomy Note the marked elevation of the right 
side of the diaphragm which indicates that extensive atelectasis is an important 
factor in the pathologic process in the right lower side, if it is not the sole process 

01 paialysis, voluntaiy oi leflex inhibition of the muscles of lespiiation 
from pain or inflammation, piolonged faulty postuie, etc When with 
this IS associated an inciease in the bionchial secietions and a suppies- 
sion of the cough leflex, the accumulated and letained secietions will 
occlude the bionchi and thus lead to atelectasis 

Lee, Tuckei and Cleif ® recently published an inteiesting expeiiment 
in which the afoiementioned mechanism was put to a iigoious test when 

9 Lee, W E , Tucker, G, and Clerf, L Post-Operative Pulmonary Atelec- 
tasis, Ann Surg 88 6 (Julv) 1928 
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the}^ lepioduced in the dog the entire clinical pictuie of postoperatne 
massive collapse A noimal dog was narcotized with moiphine and 
etheiized, and then an opeiative incision was made in the light uppei 
quadiant, entering the abdominal cavity The wound was carefully 
closed by sutuies, and the uppei pait of the abdomen was stiapped with 
bioad strips of adheswe plastei which encncled the lower poition of the 
costal arches The dog was laid and kept on his light side With the 
aid of the bronchoscope about 7 cc of secietions pieviously removed 
fiom the bronchus of a patient with a clinical case of pulmonary atelec- 
tasis was mtioduced into the light mam bionchus of the dog The 
coughing and struggling which ensued lesulted in the drawing of the 
secietion into the deepei portion of the bionchial tree In order to 
eliminate the cough leflex, the dog was fuithei narcotized with sodium 
iso-amyl-eth} 1 baibituiic acid At the end of three hours all the chai- 
acteiistic physical and loentgen signs of massive ptilmonaiy atelectasis 
of the right lung were lepioduced m this expeiimental animal 

Jackson and Lee " weie able to demonstrate the existence of occluding 
collections of mucus post moitem in two such postopeiative cases They 
also lepoited having seen such obstructing masses of mucus in vivo, and 
when they had lemoved these with the aid of the bionchoscope, the lung 
returned promptly to its normal state Fiom such obseivations these 
authois weie able to formulate some definite lules for prophjlaxis and 
tieatment of this postopeiative complication The piophylactic measuies 
they suggested included the following the choice of anesthetic agents 
which aie least irritating to the bronchi, and the use of local anesthesia 
wheiever practicable, the conservative use of moiphme because of its 
inhibiting effect on the normal cough reflex, the avoidance of pidlonged 
fixed postures postopei atively As legaids the tieatment of the condi- 
tion, when once established they emphasize the great theiapeutic value 
of bi onchoscopic lemoval of the occluding bionchial secietions in those 
patients with postoperative massive atelectasis who do not promptlv 
record spontaneouslv oi with the aid of the simple maneuver suggested 
b} Saute of rolling the patient back and forth on the unaffected side 
In experienced hands hi onchoscopic aspirations aie without dangei, aie 
well toleiated even by the sickest patient, and are most effective in 
piomptly leheving the condition thus preventing the possible develop- 
ment of pneumonia in the atelectatic lung 

The Mechanism of Massive Pnlmonaiy Atelectasis rn Cases of 
Bionchial Stenosis Due to E'xtrahi onchial Pressiu e — This lelativelv 
small gioup includes all those cases in which the primal y factoi is pro- 
gressive bionchial stenosis due to inci easing extrabronchial pressure by 

10 Sante T R Massive Collapse of the Lung J A. M A 88 1539 
(Mav 14) 1927 
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an encioaching neoplasm, aneuiysm, mass of bionchial glands oi sclerotic 
piocess Howevei, befoie acute massive pulmonaiy collapse can take 
place, a mechanism must be developed which will pioduce sudden and 
complete occlusion of the stenosed bionchus 

A number of such leports have lecently appeared in the liteiatuie. 
One of the cases of massive pulmonaiy atelectasis repoited by Fains 
was shown at autopsy to be due to obliteration of the mam bronchus by 
pressuie of a laige caseous mass 

Wessler and Jaches described an inteiesting expeiience in a child 
3 months of age who presented paioxysmal attacks of dyspnea and more 
01 less constant stiidor These symptoms weie found to be due to the 
piessure exeited by a mass of tubeiculous glands in the uppei medias- 
tinum, which appal ently pioduced complete obstiuction of the bionchus 
of the uppei lobe and only paitial obstiuction of the bionchi of the 
lowei lobes The diagnosis was made fiom the roentgen appearance of 
the lungs which illustiated the inteiesting result of obstiuctive atelectasis 
111 the uppei lobe and obsti uctive emphysema m the lowei lobes occuri mg 
in the same lung at the same time The mechanism involved m such 
a phenomenon was desciibed eailiei in this paper 

Packaid^ leported a case of massive pulmonaiy atelectasis with a 
sudden onset and gradual disappeaiance The probable explanation of 
the mechanism in this case as offered by that author is that enlaiged 
tiacheobionchial lymph nodes pioduced stenosis of the bionchus by 
piessure, which was later lelieved by a diminution m the size of the 
lymphoid mass 

Obviously the same mechanism opeiates when bionchial compiession 
with stenosis is caused by a mediastinal tumor or aneui3'^sm Of interest 
in this connection is the case lepoited by F J Hiischboeck in which 
at postmoitem examination it was found that the massive atelectasis of 
the left lung was appai ently due to bronchial obstruction from com- 
piession by an aneui)'^sm in the aich of the aorta and to collections of 
mucus and pus totally occluding the partially stenosed bionchus 
Although m this case the atelectasis occuri ed aftei an upper abdominal 
opeiation, the foregoing observations aie at least suggestive as a probable 
explanation of the mechanism involved , the bronchial compression by 
the aneui3^sm was undoubtedl3'^ a powerful predisposing factor, and the 
impoitance of letained bionchial secretions in effecting complete occlu- 
sion of the bionchus is at least noteworthy 

11 Farns, H A Atelectasis of the Lung, Canad M A J 25 808, 1925 

12 Wessler, FI , and Jaches, L Clinical Roentgenology of Diseases of the 
Chest, 1923, p 49 

13 Hirschboeck, F J klassive Collapse of the Lung With Report of 
Necropsy, Alinnesota Aled 11 135 (ATarch) 1928 
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Massive pulmonaiy atelectasis may also occui as a complication ot 
chronic jDulmonar}'^ disease, particularly tubeiculosis, when maiked peii- 
hionchial sclerosis will result m stenosis of the involved bronchi 
Packard ^ described the case of a young tuberculous woman m whom 
massive atelectasis of the left lung occurred with maiked suddenness 
Postmoitem examination of the lung two years latei levealed dense 
fibroid tissue aiound the mam stem bronchus practically obliterating its 
lumen In the opinion of the authoi, the massive atelectasis was the 
result of this bionchial stenosis Because of the sudden onset of the 
massive atelectasis in this case, it is only fair to assume that something 
must have happened immediately before the catastrophe to lender the 
bronchial occlusion complete Whether the final mechanism leading to 
complete occlusion was one of bronchial spasm of vasomotor origin, or 
whethei it was due to mucosal tuigescence with retained secretions, one 
can meiely speculate 

Of especial inteiest in this connection is the following report of a 
case which was under obseivation foi a number of years 

Case 5 — Mrs Y Z first came under my care in November, 1922, when at the 
age of 28 she was admitted to a tuberculosis sanatorium witb a diagnosis of 
pulmonary tuberculosis based on few symptoms, insignificant physical signs but 
roentgen evidence of a fibrotic lesion in the apex of the left lung After eight 
months at the sanatorium, she was discharged with a diagnosis of inactive minimal 
pulmonary tuberculosis complicated by seasonal asthma, of which she had showm 
moderate symptoms during the months from May to July 

In the spring of 1924, and again m 1925, the patient received injections of 
pollen (orchard grass) wuth symptomatic relief from the seasonal asthma In the 
meantime, she has continued to do fairly well, showing no significant changes 
in the physical and roentgen signs m the chest Figure 4 A is the photograph 
of a film made in December, 1924, and it merely shows evidence of a fibrotic 
lesion m the apex of the left lung 

In January 1926, there was a moderate increase in cough and expectoration 
Phjsical examination of the chest disclosed a few coarse rales in the left upper 
lobe, and roentgen examination at this time revealed evidence of somewhat 
increased fibrosis there 

On April 10, 1926, the patient was examined by me at my office and showed 
no further change in the physical and roentgen signs During that examination, 
skin tests w^ere made While the patient was waiting for the results of the skin 
tests to be read, she was suddenly seized w ith a severe spell of coughing Marked 
dyspnea developed rapidly, and the patient appeared to be experiencing a severe 
attack of asthma Moderate cyanosis soon der eloped, and prostration increased 
rapidly 

Physical examination of the chest at this time re^ealed the following significant 
observations relative immobiht> of the upper part of the left hemithorax , marked 
dulness, bronchocavernous breathing and no rales over the left lobe marked dis- 
placement of the trachea to the left, and apparent displacement of the heart to the 
left In the right lung, and to a lesser extent in the left base, wheezing respira- 
tions suggestive of asthma were heard 
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tig 4 (case 5) — 4, roentgenogram made m December, 1924, showing inhl- 
tration with hhrosis involving the upper portion of the left upper lobe Note the 
normal position of the trachea and mediastinum This roentgenogram represents 
approximately tlie pulmonarj status of the pat ent from 1922 to April, 1926 
B made on A.pri] 10, 1926, one houi after the sudden onset of acute respiratory 
symptoms Note the partial atelectasis of the left upper lobe ^\lth resulting 
marked displacement of the trachea to the left as well as the less marked displace- 
ment of the heart Also note the compensatory emphjsema in the uncollapsed 
parts of the left lung This picture of the lungs remained unchanged during the 
next two and three-fourths vears C made in March, 1929, two weeks after 
sudden onset of acute respiratorv symptoms The appearance is characteristic 
of massive atelectasis involving the majoi portion of the left lung Bronchoscopic 
examination revealed stenosis of the bronchi of the left lung probably due to 
marked peribronchial sclerosis with retained mucus secretions in them 
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This sudden change in physical signs was puzzling at first, but its probable 
significance was evident after a study of the roentgenogram made at the time 
(fig 4 5), which showed evidence of circumscribed atelectasis in the left upper 
lobe The increased density of the shadow in the upper lobe, as well as the 
sudden and marked displacement of the upper mediastinum to the left, were par- 
ticularly impressive in that connection 

After seveial weeks of illness with dyspnea, cough and moderate fever, the 
patient began to improve rapidly At the end of two months, and until February, 
1929, she was well enough to attend to her household duties, slight dyspnea and 
cough being the only residual symptoms During all this time the physical and 
roentgen signs remained unchanged and were those just detailed 

About the middle of February, 1929, following an infection of the upper res- 
piratory tract, the patient’s cough became more severe, and the expectoration was 
scanty, tenacious and difficult to raise Four days later, she experienced a sudden 
attack of marked dyspnea and pain m the left side of the chest The dyspnea 
subsided spontaneously after a while, but it would recur on the least exertion, 
particularly at night At the same time the temperature began to rise, reaching 
102 F at night When I saw the patient six days later, she presented the classic 
signs of massive pulmonary atelectasis involving the major portion of the left 
lung The signs were so characteristic of the condition that the other diagnostic 
possibilities which had to be considered, such as pneumonia, pleurisy with effusion, 
thick pleura, etc, were soon discarded as improbable 

At this time the patient was admitted to the medical department of the New 
York Post-Graduate Hospital After the roentgen examination (fig 4 C) confirmed 
the diagnosis of massive atelectasis, a bronchoscopic examination was made by 
Dr Imperatori in order to determine the cause of the atelectasis The following 
possibilities were originally considered (1) bronchial stenosis due to peribronchial 
fibrosis, (2) benign endobronchial tumor (benign because of the long course), 
(3) foreign body m the bronchi and (4) bronchial compression due to mass of 
glands or other mediastinal tumor (soon ruled out by the result of the roentgen 
examination) The purpose of the bronchoscopy was not only to establish the 
etiologic factor, but also to attempt to remove it if possible by extraction if due 
to foreign body , by excision if due to benign neoplasm , by aspiration, if due to 
removable plugs of mucus 

The bronchoscopic examination revealed the existence of marked stenosis of 
the mam stem left bronchus as well as occluding secretions which were aspirated 
Following the bronchoscopy, the patient’s breathing was much improved, and she 
began to expectorate large amounts of sputum A roentgenogram made immedi- 
ately after the bronchoscopy showed increased aeration in the left upper lobe 
However, as neither the symptomatic relief nor the improved aeration in the upper 
lobe lasted more than twenty-four hours, the patient was subjected to another 
bronchoscopic examination seven days later At this time a smaller bronchoscope 
was used, and an attempt was made to enter the smaller bronchial radicles, but 
these were found totallv stenosed Although aspiration of the mucus was 
attempted, the patient did not again experience svmptomatic relief 

Bronchoscopic aspirations of the locked-in secretions having proved ineffectual, 
the other therapeutic measures to be considered included pneumothorax and the 
usual expectant hygienic-dietetic regimen In this type of case the object of 
pneumorthorax therapy is not to collapse the lung further but to restore a more 
or less normal intrathoracic equilibrium by allowing the mediastinal structures to 
return to their central position in the thorax This plan of therapy might still 
be resorted to if the expectant hygienic-dietetic treatment should prove ineffectual 
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Heie IS a case of a tubeiculous person with a manifest tendency to 
maiked peiibionchial fibiosis and a disposition to attacks of spasmodic 
asthma in whom acute massive atelectasis of the left uppei lobe was fol- 
lowed neaily thiee yeais latei by a similar collapse of the lower lobe, 
in whom bronchoscopic examination revealed maiked bronchostenosis 
as well as occluding secietions of mucus as the obvious cause of the 
condition, and who, following the bi onchoscopic aspiration of the bion- 
chial mucus, showed tempoiaiy symptomatic impiovement as well as 
inci eased aeration in the light upper lobe only to i elapse to a state of 
complete atelectasis twenty-four houis later Fiom these circumstances 
It seems fair to infer that the mechanism of the massive atelectasis in 
this case was as follows The essential primary factor was progiessive 
bi onchial stenosis due to increasing pei ibi onchial fibrosis , however, the 
secondaiy mechanism, which was responsible for the sudden and com- 
plete occlusion of the stenosed bronchus thus pi ecipitatmg the massive 
pulmonaiy atelectasis, was probably that of bronchial spasm and letamed 
mucus secretions In the piesence of a tendency to fibiosis, the tem- 
poral y complete occlusion by spasm and letained mucus was soon len- 
deied peimanent by the still more inci eased fibrotic changes which 
lapidly followed the development of atelectasis 

While in this discussion of the subject the gi eater emphasis has been 
placed on the elucidation of the mechanism involved, its clinical features 
have been emphasized sufficiently to show its impoitance from the point 
of view of diagnosis, differential diagnosis, piophylaxis and treatment 

SUMMARY AND CONCLUSION 

1 Massive pulmonary collapse oi atelectasis has been desciibed m a 
gieat vaiiety of clinical conditions However, careful analysis of this 
vast clinical material will disclose that most of the cases can be classified 
into thiee groups 

Gioup 1 Cases with gioss or manifest bronchial obstiuction by 
foieign body, endobi onchial neoplasm, letained blood clots, diphtheiitic 
membiane, etc 

Gioup 2 Cases in which the piimaiy factoi is an inteifeience with 
the respiiatoiy movements, thiough muscular paiesis oi paialysis, vol- 
untary 01 leflex inhibition of the muscles of lespiiation from pain or 
inflammation, prolonged faulty postuie, etc When with this is asso- 
ciated an inciease in the bi onchial secietions and a suppiession of the 
cough leflex, the accumulated and letained secretions will occlude the 
bionchi and thus lead to atelectasis 

Gioup 3 Cases in which exti abi onchial pressuie due to neoplasm 
01 aneui 3 sm enlaiged glands oi scleiotic tissue leads to gradual stenosis 
of the bionchus the bi onchial occlusion being rendeied complete eithei 
by mucosal tuigescence oi by bi onchial spasm, with letained secietions 
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In all these cases, following the bronchial occlusion, the alveolar air 
is absoibed by the pulmonary cii dilation and atelectasis results 

2 Cases aie presented to illustiate the essential mechanism in these 
three mam groups 

3 The clinical pictuie as well as the physical and loentgen signs are 
characteristic, and they aie similar in all cases The onset is usually 
sudden, with evidence of maiked respiratoiy embarrassment and shock 
The characteiistic physical signs aie markedly diminished mobility of 
the involved hemithorax, nan owing of the interspaces, pulling in of the 
tiachea, heart and diaphragm toward the affected lung, flatness to pei- 
cussion, harsh or absent breath sounds, and no rales over the affected 
lung The loentgen examination reveals a dense homogeneous shadow 
wheie the atelectasis exists, and is coi roborative of the displacement of 
the tiachea, heart and diaphragm towaid the affected lung 

4 This clinical picture and some of the physical signs may simulate 
pneumonia, pleurisy with effusion acute cardiac accident (dilatation, 
coionaiy occlusion, etc ) The diagnosis of the condition is not difficult 
if the atelectasis is extensive, if paitial only, its lecognition is not easy 

5 It should always be thought of in the examination of patients with 
pulmonary complications in diphtheria and following upper abdominal 
operation or tiacheotomy 

6 In cases of massive pulmonaiv atelectasis with no obvious cause, 
the possible obstiuction of the bronchus by a nonopaque foreign body oi 
by an eiidobi onchial neoplasm should be investigated by a bi onchoscopic 
examination If the examination reveals no endobi onchial obstruction, 
but the existence of a complete oi paitial stenosis compression of the 
bronchus bv neoplasm enlarged glands aneuiysm oi penbi onchial fibio- 
sis should be suspected 

7 Eaily lecognition of the condition is impoitant, because in many 
cases its tieatment at that time is simple and successful In postoperative 
massn^e atelectasis the simple manevner of i oiling the patient on bis 
unaffected side is usually effective In late postopeiative cases and in 
all cases of foreign bodies bronchoscopic aspiiation or extraction of the 
occluding substance is most effective m lelieving the condition and pre- 
\entmg complicating pneumonia 

8 Pulmonaiy atelectasis of the moie circumsciibed vaiiety is also of 
great clinical significance It is of frequent occunence as a postopeiative 
complication, and it is an important factoi in pulmonary pathologic 
piocesses associated with extensive fibiosis and with pulmonary neo- 
plasm Its recognition and pioper evaluation will solve many pu7zling 
situations in the stiuh of piilmonai} cases 
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Morphologic Varivtion a.nd the Rate of Growth of B\CTnRi\ B> 

Arthlr T Henrici, !M D Volume 1 Price, S3 50 Springfield, 111 

Charles C Thomas, 1928 

This monograph, the first of a senes to be written on microbiologj , represents 
in Its substance the author’s own work on the subject Chapter 1 deals with the 
problem of the morphologic -sanation of bacteria Seseral of the more recenth 
advanced hspotheses on the natnre and growth of bacteria are presented at some 
length In discussing them the author criticizes particularU the assumption of 
these iinestigators that bacteria go through life cjcles because the aiailable data 
are far too few" and incomplete to w'arrant such conclusions He then indicates tne 
purpose of his w'ork, namely, to make continuous quantitatne obser^atlons on 
indniduals and populations of bacteria under closelj controlled conditions during 
all the phases of their growth 

After stating the technic in considerable detad he proceeds to the studs of 
seseral micro-organisms. Bacillus mcgathei iiini, the colon bacillus, the diphtheroid 
bacillus, and the cholera vibrio Definite characteristic changes in the size and 
shape of the indnidual bacteria were found at different periods of growth which 
were constant for the several sanations of micro-organisms studied The rates of 
gross th of cell populations ssere also measured and found to folloss regular curses 
The great number of data obtained are represented in drassings and graphs in 
such a ssaj as to gise a much more complete picture of the morphologic changes 
occurring during the life of these tspes of bacterial cells than has heretofore been 
possible 

In a final chapter entitled “On Cstomorphosis m Bacteria” the author brings 
together esidence for considering the changes occurring in cultures of bacteria 
as analogous to the sequential alterations exhibited bj the cells of multicellular 
organisms and termed bs Minot “cstomorphosis ’ 

At the end of the book is a series of tables gising the actual experimental data 
from ss'hich the charts and graphs are made The bibliographj and index of both 
authors and subjects folloss 

The ssork constitutes a saluable contribution to the knoss ledge of bacterial 
grosvth and sets a high standard for the other solumes of this series that are to 
follosv 

Die Kilsxkheitex des Herzexs lxd der Gefasse By Dr Erxst Edexs 

Paper Price, 66 marks Pp 1057, ssith 239 illustrations Berlin Julius 

Springer, 1929 

In his discussions of sarious topics Edens folloss s rather closels the traditional 
lines of etiologs , pathologs , diagnosis and treatment All of the ordinars and mans 
of the rarer diseases ssnll be found included The comparatis elj" later knosvledge 
resealed largels" bs the aid of the roentgen ras and the electrocardiograph is fairls 
presented There are manj helpful illustrations of roentgenograms and electro- 
cardiograms We are glad to see that s^alsular diseases are still regarded as 
ss'orths" of full discussion In some recent ssorks thes base been deemed of such 
minor importance as compared to m 3 ocardial diseases and irregularities as to be 
accorded scants consideration 

Tsso features are ssorths of special comment The treatment for sseakness of 
the circulators organs occupies 100 pages, more than 13 per cent of the text, 30 
pages being des'oted to digitalis alone This is a larger proportion than is 
commonlj assigned to this one topic Some condensation ssith elimination of minor 
details as to baths, climate, massage, diet and a number of drugs might be ads isable 
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Maity practitioners, however, will probably disagiee and will find in these minutiae 
as to treatment that which will make the book of especial value to them The 
other item is the massive bibliography The index of titles covers 250 closely 
printed pages The subdivision of the bibliography into heads corresponding to the 
chapters makes the book a ready reference work for one who wishes to go to 
original sources 

One may say that the volume is a comprehensive, reliable and up to date work 

Le Probleme de la sensibilite viscerale et l’anesthesie des splanch- 
NALGiES Par a Lemaire, Professeur de Clinique Medicale a I’Universite 
de Louvain Collection de monographies medicales pubhee par la Societe 
scientifique de Bruxelles No 3 Pp 80 Pans Presses Umversitaires de 
France, 1928 

In this monograph of eighty pages, the authors begin with an analysis of the 
earlier theories of visceral sensibility, those of Lenander, Ross and McKenzie, with 
their various modifications, and discuss their applicability both m the normal and 
m the pathologic state The sensitiveness of the viscera and the adequate stimuli 
required for the production of pain in the parenchyma, the mucosa, the splanchnic 
musculature, the serous surfaces and the ligaments are carefully and extensively 
considered in the first chapter The authors have made an especial study of the 
effect of subcutaneous anesthesia on visceral pain, the results are described m the 
second chapter, in which the old as well as more recent theories, those of Edinger 
and Verger, are reexamined in the light of these observations The third and 
final chapter consists of a brief discussion of the possible ways in which the impulses 
of visceral sensibility may ascend to consciousness 

The purpose of the monograph is not to present the subject of visceral pain 
as a settled question but rather to gather all of the theories and facts, including 
those derived from a long experience with subcutaneous anesthesia and pain of 
visceral origin, and to determine the extent to which the facts confirm or contradict 
the theories The standpoint is conservative, the deductions are carefully made and 
the attitude is scientific and scholarly The work should stimulate further research 
in this field and thereby fulfil one of the chief aims for which it is published 

Progressive Relaxation A Phvsiological and Clinical Investigation 
OF Muscular States and Their Significance in Psychology and 
Medical Practice By Edmund Jacobson, A M , Ph D , M D Pp 429 
Price, $5 Chicago University of Chicago Press, 1929 

This book IS the result of twenty years of research work in the physiologic and 
psychologic laboratories of the University of Chicago as well as of clinical experi- 
ments and observations in private practice The author has made extensive studies 
of muscular action and relaxation and the effect of emotions on them The 
chapters on spastic esophagus, mucous colitis, and on the methods of teaching 
relaxation to nervous patients will be of particular interest to clinicians The 
idea of treating nervous states mainly by the induction of muscular relaxation may 
seem startling It is another case in which a vicious circle may be broken at an 
unusual place It reminds the reviewer of the celebrated cynical utterance of 
Pascal “H faut s’abetir,” meaning that if people use holy water, cross them- 
selves and go through the emotions of worship the spiritual effect comes of itself 
In the same way, as mental poise and contentment are associated with a feeling of 
relaxation so the induction of relaxation may in itself cause a tense and anxious 
patient to deceive himself into believing that he is at ease mentally Having had 
a taste of this comfortable feeling he may persuade himself that he might himself 
prolong it by not resuming his worries It is not reasonable to suppose that this 
method alone will succeed in many cases but it is a rational accessory to other 
psychotherapeutic procedures 
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The International Medical Annual A Year Book or Treatment and 
Practitioner’s Index Price, $6 New York William Wood «& Company, 
1929 

This annual lives up to its reputation for giving a most careful review and 
thoughtful digest of recent medical literature Compiled in the form of a dictionary, 
the material presented is too diverse to be criticized in detail Mention should 
be made of the many helpful suggestions regarding therapy For example it is 
pointed out that the diuretic action of epinephrine in asthma may be prolonged 
by massaging the site of injection Diagnostic procedures, such as cholecystography 
and renal function tests, are discussed at length For the surgeon one finds described 
a new upper abdominal incision which has been useful m avoiding incisional hernia 
The articles on obstetrics include a note on a method of extracting the adherent 
placenta without putting the hand into the uterus In every field one finds sug- 
gestions of practical value One may not always agree with the opinion of the 
individual author, but the material is presented in such a way that one may draw 
his own conclusions Some omissions will be noted In discussing the injection 
treatment of varicose ulcers no mention is made of the use of 50 per cent dextrose 
solution which by some is considered the substance of choice Such defects, 
however, are too few to detract from the general usefulness of the volume which 
should prove a worthwhile addition to the library of the practitioner for whom 
It IS primarily intended 

Untersuchungen ueber Porphyrie mit besonderer Berucksichtigung 
DER Porphyria congenita By Max Borst and Hans Konigsdorefer, 
Jr Price, 38 marks Leipzig S Hirzel, 1929 

The book is based on a study of a case of congenital porphyry in a man who 
died at the age of 32 His condition had been investigated clinically and bio- 
chemically in great detail and had previously been reported by Fischer, Gunther 
and Weiss Borst reports the gross and microscopic observations of the autopsy 
Grossly, there was porphyrin discoloration or “hemosiderosis” of the skin and the 
entire skeleton, spleen, liver, lymph nodes, pancreas and kidneys, and histologically 
of practically all of the tissues of the body Microhistochemical and physical 
analyses of the pigments in the various organs and tissues were made by Fischer 
Konigsdorffer studied the fate of porphyrins administered experimentally to 
animals They came to the conclusion that porphyry is a constitutional anomaly 
There is not an incomplete synthesis of hemoglobin, myoglobuhn and histohematm 
or cytochrome as has been claimed They believe that in congenital porphyry 
there is an arrestment of the metabolism of porphyrin at an intermediary stage, 
giving the abnormal pigments met with in the condition Porphyrin is synthesized 
in the red blood corpuscles An extensive review of the literature on the subject 
IS also given 

Clinical Electrocardiograms Their Interpretation and Significance 
By Frederick A Willius, MD, Section on Cardiology, the Mayo Clinic, 
Rochester, Alinn , and Associate Professor of Medicine, the Mayo Founda- 
tion, University of Minnesota Cloth Price, $8 Pp 219, with 368 illus- 
trations Philadelphia and London W B Saunders Company, 1929 

This book consists, for the most part, of electrocardiograms taken from the 
author’s collection The author’s interpretation of each tracing is given together 
with clinical diagnosis of heart disease in the patient from whom the tracing was 
made The clinical significance of the tracing is discussed in many cases, and 
a few tables are included to indicate the possibility of a prognostic value in certain 
abnormal characteristics of the electrocardiogram 

The book is well prepared The tracings are clearcut and well marked, and 
the explanatory remarks are clear and concise 
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As far as the subject matter is concerned with the exception of the author’s 
observations on the prognostic significance of certain aberrations of the T wave, 
nothing IS contained in the book that has not been said before The interpretation 
of the tracings is, for the most part, clear and convincing, but interpretations and 
statements occur which might be open to argument To mention a few, in the 
section on auricular flutter, the interpretation of some of the tracings is rather 
doubtful Also, It IS difficult to correlate the coincidental occurience of auricular 
flutter and smo-auricular block 

The statement that “occasionally the ventricular action in auricular fibrillation 
IS rhythmic, especiallv with slow rates” will surely be challenged 

Many of the tracings depicting parox>smal ventricular tachycardia do not 
fulfil the requirements accepted as necessarv for that diagnosis 

The author expresses in his preface the hope “that the illustrative examples 
may aid those whose experience m this field (electrocardiographv) is limited ” 
One gets the impression that the book is rather advanced for this purpose and 
contains much discussion of a speculative nature Such discussion might prove 
confusing and misleading to the inexperienced The greatest \alue of the book 
lies in the variety of the tracings Almost every varietj of electrocardiogram, 
normal and abnormal, may be found and is clearlv described There is, in addition, 
an excellent bibliography 
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CONSTITUTIONAL VARIATION AND SUSCEPTIBILITY 

TO DISEASE " 

WADE H BROWN, MD 

NEW YORK 

The conception of disease as a product of a constitution is a 
heritage from antiquity, based on observation and experience ^ As 
IS well known, the term constitution was originally used in a broad 
sense to denote a fixed or a prevailing state or condition It was 
applied primal ily to climatic and meteorological conditions, but was 
also used with reference to disease and to man 

To the ancient Greek, disease was a product of the interaction 
between man and his environment, still, environment was given first 
place, much as it is today, but for a different leason The Greek 
legarded both man and disease as products of environment, while in 
recent yeais investigators have been inclined to disregard man and to 
stiess the importance of a single environmental factor This change 
of views IS attributable to modern bacteriology After centuries of 
abstract speculation concerning the cause of disease, bacteriology came 
like a beam of light into the darkness, micio-organisms were realities 
and offered the first hope of the solution of the pioblems of disease 
by the use of scientific methods Bacteriology and immunology were 
like new toys Foi the time being, man and his environment were cast 
aside and attention was focused on the so-called causative agents of 
disease and on the reactions produced by them when introduced into the 
body New conceptions of disease were evolved with man and the 
niici o-organism as the cential figuies Subconsciously, the old idea 
of disease as a product of the interaction between man and his environ- 
ment was first supplanted by the idea of an intei action between man 
and an infecting organism Eventually, this simplification was carried 

Submitted for publication, July 9, 1929 

'■ Read at a meeting of the Harvey Societ}" of New York, Feb 21, 1929 
From the Laboratories of the Rockefeller Institute for Medical Research 
1 The ancient conception of the relation between man and his environment is 
clearly set forth m the hippocratic treatise on “Airs, Waters, and Places” which 
IS one of the most remarkable medical documents of all times It contains many 
of the fundamental ideas of the modern conception of human constitution and 
chmatolog}', including the factors of heredity and the beneficial effects of sunshine 
It IS also remarkable for the accuracy of the observations made when viewed in 
the light of results of present day experiments In this connection, it will be 
noted that the results of many of the experiments referred to m this paper are 
neither more nor less than confirmations of hippocratic teachings translated into 
modern terminology 
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still further The causative agent of disease became the important 
factor, while man was assigned the role of the victim, or object, 
lather than the subject of disease In this new form, the idea of 
interaction between host and infecting organisms was verbally letained, 
but it was given scant consideration m explaining phenomena of 
disease, except when some specific reaction was concerned In processes 
of reasoning, the micro-organism became endowed with many 
potentialities, both real and imaginary, while the host came to be 
regarded in somewhat the same light as a standard culture medium 
Any deviation from the usual or expected course of events was 
attributed to some change affecting the micro-organism , it rarely 
occuried to any one that the condition presented might be attributable 
to the host, and even if it did, there was no means of explaining the 
observed facts So it came to be considered that a man was just a 
man and an animal just an animal, fixed and immutable, but a micro- 
organism was a being endowed with infinite potentiahtes 

A paradoxical situation was thus created The importance of such 
factors as age, sex, family, race and even individual predisposition 
was cleaily recognized, so weie the factors of climate, season and 
weather, but these factors were still abstract conceptions and could not 
be fitted into a scheme of things founded on the results of carefully 
controlled expeiiments which dealt with micro-organisms and defensive 
or immunologic reactions It was inevitable, therefore, that explanations 
of phenomena of disease should depend more and moie on the body of 
accumulated facts concerning micro-oigamsins and that less consider- 
ation should be given to factors which were not undei stood or which 
represented vague and intangible quantities 

Apparently, the pendulum has completed its swing m this diiection 
There is a reawakening of interest in the host and his environment, 
with a growing realization of the fact that in infectious diseases there 
are two systems of variables, and that one cannot hope foi a satisfactory 
solution of the problems so long as one aibitraiily tieats either system 
as a constant and attributes all variations in results to the other The 
problem which now confronts one is to define the potentialities of both 
systems in teims that can be clearly understood Until this has 
been done, the analysis of phenomena of infection and disease will 
be attended with considerable uncertainty 

The study of constitution is only one phase of this gieat problem, 
but during recent years much has been done to claiify the relation 
of man to disease This is particulaily tiue of the work that has been 
done m genetics, endocrinology, dietetics, biophysics and the field of 
epidemiology itself Finally, under the leadeiship of Diaper, a 
notable effort has been made to adapt the precise methods of anthio- 
pology to medical requirements and to apply these methods to clinical 
medicine 
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Still, it IS extremely difficult to define the constitutional factor in 
language which conveys a definite meaning or to say how or why one 
person differs from another, with lespect to the general propeity of 
susceptibility to disease, or why this pioperty should appear to vaiy 
from time to time in a given individual or in a population as a whole 
Simple observation and experience tell one that these things are true 
No medical tradition is more firmly rooted in the minds of all peoples 
than this Moreover, these conditions are applicable to animals as 
well as to man, one sees them continually in experimental work They 
cannot be denied oi ignoied They must be explained as simply and 
directly as possible, and I have taken this for my task, with a full 
realization of the fact that any explanation that may be offered at this 
time must be incomplete and is subject to amplification, modification 
01 complete abandonment, as future developments may demand 

THE PROBLEM OF CONSTITUTION 

There are two firmly established aspects of the problem of con- 
stitution, namely, heredity and environment From the point of view 
of the beaiing of constitution on susceptibility to disease one has to 
considei the question of factorial potentialities on the one hand, and 
the functional expression of these potentialities on the other For the 
most pait, interest in constitution has been centeied in problems of 
heredity and m the study of normal and abnoimal constitutional types 
For obvious leasons, less attention has been paid to conditions pre- 
sented by the rank and file of mankind, but it is this phase of the 
subject in which I am especially interested, as it seems to me that a 
knowledge of the fundamental principles of constitutional organization 
and leaction is a pieiequisite to the study of any class of persons or 
of the relation of man to disease So far, I have been concerned 
piimaiily with the study of existing states — physical, chemical and 
functional — and with the influence exerted by environment on the con- 
stitutional status and its functional expression as detei mined by 
vaiiations m the reaction to disease 

The conception of the i elation between constitution and suscepti- 
bility to be presented is merely an outline of certain phases of a complex 
problem It is based on expeiiments which have been in progress for 
about ten yeais, and repiesents the combined effoits of Dr L Pearce, 
Di C M Van Allen, Miss Mai ion Howard, Dr A R Harnes, Dr A 
E Casey and me A great deal of the material to be used has been 
published, but unfortunately much of it is still in the process of 
digestion and assimilation I shall, however, confine mj'^self to facts 
which have been ampl}^ demonstrated 

The pioblem of constitution turns, first of all, on the determination 
of Avhat IS normal The usual tieatment of this subject is unsatisfactory 
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The current method of dealing with normality is the method of 
standardization — the establishment of mean values with limits of vari- 
ation or of other standards of measurement and the separation of persons 
into two classes, the normal and the abnormal It is apparently assumed 
either that what happens within the limits of normal is of no con- 
sequence or that the methods available for drawing distinctions aie 
inadequate The territory marked off by the upper and lower limits 
of normal has been entered with the intention of finding out whethei 
normal is just normal or whethei something more can be said A 
common laboratory animal, the labbit, has been used, which could be 
taken apart and, theoretically, reassembled at will, and could be used 
in an attempt to correlate states of normality with susceptibility to 
disease, or m studies of the influence of heredity, as well as for collateral 
studies of constitutional effects produced by disease and effects of 
constitutional modification on disease itself, whether produced by 
mechanical, chemical or physical means In general, this is the field 
which our studies have coveied 

As an approach to the discussion of the problem, one may consider 
the animal organism to be divisible into three parts (1) a skeletal 
and muscular system which is concerned primarily with the performance 
of mechanical functions or with doing the physical work of the body, 
(2) a system of organs which carry on and regulate vital processes and 
support the muscular and skeletal systems, as it were, and (3) the 
blood and lymph which form a medium of communication and exchange 
between all parts of the body and, in addition, have particular functions 
of their own to perform For present purposes, however, it is not 
necessary to consider the function of any organ 

It IS a well recognized fact that all animals of a given species are 
constructed in accordance with a common plan and with some regard to 
quantitative relations between the various parts of the body Normal 
functional activity is dependent on the maintenance of these relations 
within certain prescribed limits, but the limits are sufficiently wide to 
peimit of variation, which is the basis of individuality 

While everyone is aware of the fact that persons diffei from one 
another m respect to the size or weights of organs or parts of the body, 
just as they do in appearance or other physical characters, there are 
probably few who have attempted to i educe the question of organic 
individuality to the basis of a measurable difference I shall begin, 
therefore, by assembling organs foi thiee hypothetic animals, using 
maximum, minimum and mean values per unit of body weight for 
representative organs as detei mined by actual observations on a group 
of 645 normal rabbits When presented graphically (chart 1) the 
difference is staking 
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Of couise, no such animals as these exist nor is it likely that persons 
of the extieme types could exist Still, there are animals which 
differ in one or moie of these respects by amounts equal to those 



Chart 1 — Theoretical range of variation in organic constitution of normal 
animals Weights per unit of bodj”^ weight 

indicated m this diagiam A four oi five-fold difference in the weight 
of an endocrine gland or of a lymphoid organ or a twofold difference 
in the weights of parenchymatous organs, pei unit of body Aveight, is 
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by no means uncommon, while variations of from 25 to 100 per cent 
are common The smaller variations are of the ordei of the diffei- 
ences m weight or m stature of adult men but m some instances the 
extremes exceed the difference between dwarf and giant 

These differences in organic constitution aie not h)fpothetic but 
real, and they raise a second point of fundamental importance, namel}’’, 
the relation between the weight of an oigan, or an assemblage of 
oigans, and the weight of the body which they serve Within certain 
limits, the actual weight of most organs and, theiefore, the combined 
mass of all organs, varies diiectly with the weight of the body, but 
the exact relations are such as to produce a decided difference m the 
constitution of laige and small animals There is a tradition to the 
effect that, m geneial, large, robust persons are frequently more sus- 



Chart 2 — Organ-body weight relation for animals of different weight groups 

ceptible to disease than those of the small, wiry type, and that in illness 
the prognosis is less favorable This may oi may not be true, but theie 
IS a constitutional parallel which might warrant such an expectation 
The fact IS that the mass of organs m propoition to the weight of the 
body seived is distinctly greater for small than foi large persons 
(chart 2) By weighing the lesults for all organs so as to give them 
equal value iriespective of size, it is found that, despite the fact that 
the actual weight of oigans increases with the weight of the body, the 
weight per unit of body weight actually diminishes Hence, the normal 
load carried by the organs of small persons may be less and the 
reserve greatei Applied to the maximum and minimum animals, this 
means that the constitution of the smallei person appioaches the 
maximum type, while that of the larger assumes the diiection of the 
minimum type From our material, it cannot be detei mined with 
certainty whether this relation is due primarily to breed, age or weight, 
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independent of these factois, as the condition appears to be one which 
IS influenced by all the factors mentioned 

At any rate, it will be seen that the relation of oigan mass to body 
weight, individually and collectively, is one of the basic principles of 
organic constitution and is applicable to breeds or races, families, sexes, 
age gioups and individuals 

As IS well known, physical chaiacters such as weight and height are 
distributed in accoi dance with the laws of normal or chance disti ibution 
The same is true for the weights of organs and, hence, for organic 
constitution, that is, in an animal population theie is a constant and 
appi oximately equal number of animals whose organ mass, in pro- 
poition to body weight, is above or below the mean or mode, but m 
leality most of the curves aie skewed or tend to be extended somewhat 
into the upper langes, as is the case with measuiements of height and 
body weight As a simple woiking foimula, it may be said, howevei, 
that small, intermediate and large oigans will be encounteied m the 
ratio of 1 3 1 The significance of these proportions will appear latei 
Individual differences of organic constitution may be regaided as 
inheient qualities m that they aie piobably determinied in accordance 
with the piinciples of genetic inheritance They repiesent potentialities, 
however, lather than fixed qualities So far as I have been able to 
deteimme, no organic relation oi status is absolutely fixed It is well 
known that oigans change with age and that some, at least, show 
pel iodic vaiiations of a seasonal charactei or m association with some 
change m physiologic status, such as piegnancy Theie is, however, 
no clearly defined idea of what these variations represent fiom the 
point of view of then collective effect on constitution, broadly considered 
This situation has, to some extent, been clarified 

I have data on the variations in weight of seventeen i epresentative 
oigans coveiing a peiiod of three and one-half years If the lesults 
foi the entne peiiod are condensed to the basis of a single yeai, one 
may obtain an idea of the extent to which diffeient oigans vaiy pei 
unit of body weight and the tiend of the vaiiation fiom month to 
month (chaits 3, 4 and 5) In the first place, one finds that, strictly 
speaking, not one of the oigans studied maintained a constant i elation 
with the body Even the heait, the kidneys and the brain showed 
slight but definite vaiiations, of course, the endociine and lymphoid 
organs showed the greatest variations 

Without attempting a detailed analysis of the trends of cuives, it 
will be seen that, m a geneial wa}q they paitake of a seasonal charactei 
with distinct diffeiences in the time and diiection of the variations 
In some instances, theie were foui clearly defined fluctuations during 
the year The thyioid piesents a curve of this type with an increase 
in V inter and early spi mg, a decrease in late spring and early summer. 
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an increase m midsummer which, in the present instance was even greater 
than that in winter and a marked decrease m the autumn The curves 
for the parathyroid, pituitary and pineal glands are of a simple diphasic 
type with maximum values in midsummer and minimum values m the 
winter While I am not now concerned with interrelations, I may 



Chart 3 — ^\^ariations of bodj^ and of organ weights per unit of body weight 

call attention to the fact that in some instances the relation between 
organs is direct and in others inverse, or that for one period of the 
year the relation may be direct while for another it is inverse 

The variations shown may appear to be too complicated to permit 
of interpretation, but certain features of their meaning can be made 
clear by the use of a simple system of grouping and combination of 
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results For this puipose, the oigans may be divided into three groups 
the first group including the heait, liver, kidneys and brain, the second, 
the endocrine glands and the third, the lymphoid organs ^ I shall 
assume that the organs of the body aie provided in such numbers and 



sizes as aie necessary £oi the peiformance of their functions If this 
IS ti Lie, the organs should be dealt with so as to be given an equal value 

2 The thymus is grouped with the lymphoid organs on account of its relation 
to the spleen, but without prejudice as to its relation to other organs The gastro- 
intestinal tract and testes are omitted, but their inclusion would not alter the 
results as given 
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irrespective of size In the present instance this can be done by combin- 
ing the results for the organs of each group on the basis of the 
algebraic sum of the percentage deviations from mean noimal values 
(chait 6) In this way, a single curve is obtained for each group of 
organs, but m these curves each organ has the same value, just as one 
assumes that it has m the body 



Chart 5 — ^\^anations of organ weights per unit of body weight 


These curves enable one to visualize variations in terms of systems 
which differ somewhat m the character of their functional activities 
Carr} mg this idea a step further, the three system curves may be 
combined, and thus a single expression is obtained of the relation that 
exists from month to month between the body as a whole and the total 
mass of organ tissue on which it depends for the maintenance of 
Its various activities This relation may be spoken of as the organ 
balance, and is expressed as a positive or a negative peicentage deviation 
from a standard or a mean normal value It is represented here as an 
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aggiegate value, but m other places, it has been found more convenient 
to deal with it as a mean which, of course, does not alter the relation 
as here presented 

The reduction of the organ-body weight relation to a simple 
expiession of a positive oi a negative balance places this featuie of the 
seasonal variation m constitution on a basis that is easy to comprehend. 



Chart 6 — Integration of organ systems 


If 01 game constitution has any functional significance, it is not difficult 
to imagine that with the changes in organ balance which occur from 
month to month there must be some changes in functional potentialities 
and that such changes might well include variations m susceptibility 
to disease 

The inci easing balance during the first half of the year, with an 
mteriuption of the progressive movement in the spring, and the decreas- 
ing balance dm mg the second half of the 3^ear, with high values in 
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summer and low values m fall, are significant features of the seasonal 
variation It will be noted that the changes m organ balance virtuall) 
parallel the curves for sunshine, or solar radiation, temperature, absolute 
humidity and other meteorological conditions (chart 8) However, 
while some organs tend to follow the direction of the seasonal trend, 
others show an interesting relation to the deviation of meteorological 
conditions from the normal (chart 9) In the present instance, the 
lymphoid system showed a direct relation with the deviations of the 
sunshine curve from September to March and an inverse relation from 
March to September 



Chart 7 — Combined system values — aggregate organ balance 


It is thus evident that the relation between seasonal conditions and 
organ balance is not simple and quantitative Moreover, the occurrence 
of variations in the weights of organs affects not only the organ-bod)'^ * 
weight relation, but the relation of one organ to another, or of one 
system of organs to another, so that the composition of the organ 
balance varies qualitatively as well as quantitatively® For present 
purposes, this phase of constitutional variation may be illustrated by the 
relation betv\een the endocrine and lymphoid systems expiessed as a 
ratio It IS found that this relation \aries in much the same way as 
the total organ balance, owing to the fact that the endocrine organs 
usually dominate the situation, but the vaiiations in the lymphoid 

3 Among the interrelations In^ estigated by us, the only constant relation found 
IS that between the pituitary and suprarenal glands 
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system aie sufficient to produce an appieciable effect on latio values, 
especially dining the critical periods of spring and fall 

It must not be assumed, howevei, that the vaiiations m oigan 
balance lepeat themselves in a peifectly methodical mannei year aftei 
yeai This is not the case The time of occunence of seasonal 



Chart 8 — Aggregate organ balance per unit of body weight, compared with sun- 
shine curve for the same period 

vaiiations and the magnitude of the values attained diffei gieatly, and 
the diffeience between yeais is just as impoitant as the seasonal changes 
Constitutional diffei ences are not confined to physical factors 
Theie aie also chemical differences, as shown by a study of the blood, 
and while it has not been possible to investigate this phase of the 
subject as in the case of physical constitution, the results aie suggestive 
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Chart 9 — Variations of organ balance in relation to sunshine 


brown— CONSTITUTIONAL VARIATION ' 639 

These studies have been limited to four substances, serum calcium, 
moigamc phosphorus and the lipoid phosphoius and cholesteiol of 
whole blood For convenience m this discussion, hpoid phosphoius is 
estimated and spoken of as lecithin The four substances mentioned 
foim two couplets, the one oiganic and the othei inorganic, taken 



Chart 10 — Relation of endocrine to lymphoid system 



P 374 399 424 4 49 4 74 499 5 24 549 5 74 

Ca/P 299 319 339 359 379 399 419 4 39 459 419 

Chait 11 — Distribution of animals according to the mean levels of calcium, 
phosphoius and the calcium phosphorus ratio 

togethei, they present an inteiestmg senes of variations under normal 
and pathologic conditions which appeal to be i elated to physical con- 
stitution on the one hand and to environmental factors on the othei 
While the methods available foi the deteimmation of these sub- 
stances m laige senes of animals are not sufficiently accuiate to enable 
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one to diaw conclusions from a compaiison of single values (unless the 
differences are laige), the results of repeated determinations, oi of 
gioup determinations, may be used as unit values 

To begin vith, individual animals diffei "with lespect to the mean 
levels of calcium, moigamc phosphoius, lecithin and cholesterol which 
they maintain m the blood just as they do with lespect to the weights 
of oigans or of an)- physical character A classification of animals on 
this basis gives lesults which confoim to the lule of thumb latio of 
13 1 This IS shown by the distribution cuives for sixty-eight 
animals based on the mean levels of calcium, inorganic phosphoius 
and the calcium-phosphorus ratio, as detei mined b)'- systematic 
obseivations over a period of from four to eight months 

The concentration of these substances in the blood is also subject 
to fiequent variation with a seasonal change of level An example of 
the kind of conditions that may be expected is fuimshed by lesults 
obtained between Octobei, 1927, and Septembei, 1928 (charts 12 and 
13) It cannot be assumed that these lesults lepiesent the normal 
expectation, as conditions which pi evaded during the peiiod covered 
by these obserA^ations weie distinctly abnormal (note sunshine curve) 
It appears, howevei, that the seasonal vaiiation is more clearly defined 
among animals living outdoois than among those in the laboratoiy 
In fact, the change fiom outdoor to mdooi life may be sufficient in 
itself to induce alterations in the chemical composition of the blood 
which will completely obscure the seasonal vaiiation 

The effect of these changes on the i elation of one substance to 
anothei is of especial interest foi example, inorganic and hpoid 
phosphorus Between these two substances theie is an almost perfect 
inverse relation, as a rule, when one inci eases, the other diminishes, 
while then sum tends to lemain constant In summer, it is the inorganic 
component that is high, while in wmtei the lipoid fraction is high and 
the inorganic low These relations hold not only for seasonal A'^ariations, 
but under a variety of conditions, and probably play an important idle 
in such diseases as rickets 

Cholesterol and calcium also show a high correlation of the inverse 
order Going still fuithei, one finds that the latio between cholesterol 
and calcium varies inversely Avith the latio between lecithin and inorganic 
phosphorus, so that even small variations in the absolute amounts of 
these four substances are sufficient to pioduce marked changes in 
equilibrium with characteristic seasonal differences Thus, it appears 
that in winter the latio of cholesteiol to calcium is lower than the ratio 
of lecithin to inorganic phosphorus, while m summer this i elation is 
reisers ed 

Other conditions could be cited but this is sufficient to show that 
there are variations m the chemical composition of the blood Avhich aie 
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Chart 12 ^\^arialions in the chemical composition of the blood of animals when 
first brought into the laboratory 



Per cent deviation from g’roup means 
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of the same general ordei as the variations in physical constitution 
Similai studies have been made on the cellular elements of the blood, 
and while I am not prepared to discuss this phase of the subject at 
present, it seems that the results obtained will fit into the geneial scheme 
of behavior of othei factois 



Chart 13 — ^\^anations m the relations of calcium, inorganic phosphorus, lecithin 
and cholesterol in the blood 


At this point, attention may be called to the fact that in analyzing 
the results of a system of chemical variation as simple as that with 
which we have worked, there is abundant evidence to show that 
chemical constitution is a mattei of total concentration and relation, 
just as in the case of oiganic constitution, and that, if sufficient data 
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weie available, chemical constitution might be i educed to an expiession 
comparable with that used foi organic constitution This is of especial 
inteiest in connection with vaiiations m susceptibility to disease and in 
the leaction to disease An excellent example of this condition is 
furnished by iickets 

So far, I have dealt with oiganic and chemical variations that are 
piesented by animals as they aie bi ought to the laboiatoiy (chemical) 



Chart 14 — Influence of light environment on equilibrium of endocrine and 
Ijmphoid systems 

01 within a shoit time theieafter (oiganic constitution) It has been 
pointed out, howevei, that in addition to ceitam inheient differences 
m the constitution of animals, variations occur which suggest a relation 
to environmental factors such as sunlight This, of couise, does not 
imply that the i elation to other factors is not equally close, but meiely 
that there is a suggestion of a light relation The influence of light 
on oiganic phosphoius is familiai to all, but less is known concerning 
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the effect of light on othei constituents of the blood and veiy little as to 
its effect on pltysical constitution apait from phenomena of nutrition 
and growth, but it can be shown that light enviionmeiit is capable of 
producing definite effects on both the physical and the chemical 
constitution 

The effect on organic constitution may be illustrated by a comparison 
of concurrent results obtained for seveial gioups of animals living 
undei different environmental conditions These results may be 
compared on the basis of the values obtained for oigan S 3 '-stems rather 
than those for given organs, and with especial refeience to the ratio 
of endocrine to lymphoid tissues There are foui conditions to be 
considered (1) exposure to wintei sunlight (outdoors), (2) exposure 
to filteied sunlight of the laboiatory, (3) constant exposuie to light 
fiom Cooper Hewitt lamps (low pressure mercury aics m crown glass), 
and (4) exclusion of all light Two of the conditions are subject 
to 11 regular A'^aiiation, the othei s are fixed so far as the light is 
concerned From time to time animals fiom each of these groups 
were killed and the organs weighed 

The weights of endocrine and lymphoid oigans of animals exposed to 
unfiltered sunlight varied in such a way as to cause first a maiked 
reduction and then a slight inciease of ratio values, but the latio 
lemamed subnormal The changes that occurred among animals m 
the open laboiatory and among those m the dark, however, were in the 
opposite direction and the latio was increased to a point well above the 
mean normal level (standard value) The change under open laboratory 
conditions was gi eater than that in the daik The outstanding feature 
of the effect produced by the Cooper Hewitt light was the establishment 
of an essentially noiinal equilibrium which was maintained for a con- 
siderable time despite the occurrence of vaiiations in both systems of 
oigans 

This effect of light environment on oiganic equihbiiuin is of 
especial inteiest because chemical equihbiia are affected m a similar 
manner This is cleaily shown by the influence of light on blood 
calcium and inoiganic phosphoius (chart 19) Among animals exposed 
to sunlight, calcium and inorganic phosphorus vary so that, othei con- 
ditions being equal, the ratio of calcium to phosphorus is mveisely 
propoitional to the amount of light received Of course, ultraviolet 
light IS the prime but not the sole factor m detei mining these changes 
When animals aie brought into the laboiatory and are thus deprived 
of ultraviolet ladiations, two things happen In the first place, the 
change in the mode of living produces a distuibance of equilibrium 
When the effects of this influence have subsided, howevei, inorganic 
phosphoius tends to deciease, while calcium usually increases, so that 
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the latio of calcium to phosphoius inci eases just as the ratio of endocrine 
to lymphoid tissues inci eases undei similai ciicumstances 

If animals are exposed to Coopei Hewitt light oi to the long wave 
length ladiations of neon light, the iiiciease m the latio of calcium to 
phosphoius may be appieciably diminished, and theie is a tendenc}'’ to 



Jan Feb Map Apr May 

Chait 15 Influence of light on chemical composition of the blood 

pieseive a moie unifoim level Animals in the daik, on the other hand, 
show an accentuation of the deciease in inoigainc phosphoius and an 
mciease m calcium ivith a highei latio between the two substances 
Ihese effects aie comparable with those on oiganic constitution and 
they aie also comparable with differences found m animals of different 
ages 
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The influence of light on the lecithin and cholesteiol content of the 
blood and on the latios of these substances to inorganic phosphorus 
and calcium is even greatei (chart 15) For example, it was found that 
animals irradiated with the quartz meicurj'^ aic, at considerable distances 
(4 5 meters) and without removal of hair, showed an increase of 
inoiganic phosphoius, a decrease of hpoid phosphorus, an inciease 
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Chart 16 — Influence of light on chemical equilibria in the blood 


of cholesteiol and a deciease in calcium Complete exclusion of light 
had an opposite effect, while exposure to diffuse filtered sunlight or to 
Cooper Hewitt light produced intermediate results 

Similar conditions obtained with respect to ratio values (chart 16) 
In all cases, opposite effects were pioduced by ultraviolet irradiation and 
daikness Thus, under the influence of ultraviolet light, the ratio 
between lecithin and inorganic phosphorus decreased while the ratio of 
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cholcsteiol to calcium mci cased, simulating conditions which prevail in 
summer, while exclusion of light produced an opposite effect with the 
development of conditions more analogous to those of v inter 

It IS extiemel}^ difficult to establish a mathematical coii elation 
between the effects pioduced by enviionmental influences on physical 
and on chemical constitution owing to the limitations of methods now 
available Theie is definite evidence of the existence of such a i elation, 
but for the present it seems best to let the mattei lest on the basis of 
analogy 

\ 

i:i rrci oi physical and chemical coxditjons on 

SUSCEPTIBILITY TO DISEASE 

I come now to the question as to whethei such physical and chemical 
conditions as those desciibed have any healing on susceptibility to 
disease In the study of this problem, two chronic diseases have been 
used, syphilis and neoplasia These diseases offer some advantages over 
the moie acute infections In the first place, they present eveiy 
giadation in the seventy of disease from an extremely mild to a 
unifoimly fatal condition, and the clinical couise of disease can be 
followed with leasonable accuracy from the time of inoculation to its 
conclusion An oppoitunity is thus afforded foi a comparison of 
many phases of the leaction ovei a considerable period Vaiiations in 
the couise of disease can be measuied qualitatively and quantitatively, 
111 teims of the late of piogiess of the disease oi of the frequency of 
occuiience of a given condition, oi m terms of the numbei and 
distribution of lesions of a given type Moieover, while the incubation 
period of piimaiy lesions may be influenced by dosage oi by the growth 
activity of the cells or organisms used foi inoculation (which in reality 
is a mattei of dosage) , the subsequent course of events is not affected 
by slight diffeiences in these conditions It is thus possible to eliminate 
the tioublesome factoi of dosage and to reduce the pioblem to the 
liasis of factoi s lepiesented by the host, on the one hand, and the 
pathogenic piopeities of the causative agent on the othei It makes 
no diffeience whethei one legards the lesults of the interaction between 
these two sets of factoi s as an expression of susceptibility, of lesistance 
01 of viiulence, the teim used does not affect the lesults, and one’s 
inteiest, foi the piesent, is in the lesults and the i elation of these 
lesults to known constitutional conditions 

Beaiing this in mind, I shall considei what happens when animals 
aie inoculated with Ti eponema palhdmn - To begin with, theie is a 
\aiiable peiiod of incubation, then a lesion develops at the site of 
inoculation and foi a time inci eases in size The growth of these lesions 
then ceases, some show a sudden development of edema followed by 
letiogiessive changes, constituting a critical leaction, while othei s remain 
stationaiy oi undergo partial lesolution without crises At any rate. 
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theie IS a period of quiescence or inactivity, constituting a second 
incubation peiiod, then generalized oi secondary lesions appeal in some 
animals but not in otheis Finally, all lesions undeigo lesolution, the 
animal recovers and the infection becomes latent Theie aie, thus, two 



Chart 17 — Organ balance in experimental syphilis of moderate seventv — 
aggregate values 


01 more periods of development of the lesions, two oi moie peiiods of 
incubation or quiescence and two or more peiiods of resolution, marking 
the development of immunity and the termination of the active course 
of disease 




BROWN— CONSTITUTIONAL V A RI ATI ON 


649 


This IS the clinical couise of events, but theie aie equally sti iking 
changes in physical constitution which affect the oigan-body weight 
1 elation on the one hand, and the lelations between oigans on the othei ^ 
(chaits 17 and IS) The changes in physical constitution paiallel the 
clinical couise of disease thioughout, with peiiods of inci easing and 
deci easing oigan balance coi i esponding with the peiiods of activity 
and quiescence of lesions, and terminate with the development of a state 
of 01 game equilibiium in the immune animal which diffeis fiom that 



Chart 18 — Endocnne-b'mphoicl equilibrium in the reaction to syphilitic infection 

of the noimal animal The exact natuie and extent of the change that 
occuis vaiy with the severity of the disease Since visceral lesions do 
not occui in labbits, these changes must be legaided as systemic 
leactions to infection 

In the case of the tumoi , inoculations are made v ith a homogeneous 
cell emulsion, but the lesults aie extiemely vaiiable Some animals are 
completely lefiactoiy, otheis develop a benign tumor, while still otheis 
develop tumors which metastasize to all paits of the bod} and kill within 
fiom three to foui weeks fiom the time of inoculation 
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Animals with tumors show a series of changes m oiganic constitution 
analogous to those seen in syphilis Thus, in the case of animals wuth 
benign tumois and of animals that recovei, there is a tendency to 
develop a strongly positive organ balance, wdiile in animals w'lth 
malignant tumois, the balance becomes negative 

In this connection, it is of interest to note that animals which are 
immune to one of these diseases show^ an inci eased resistance to the 
other and, conveisely, animals which aie highly susceptible to one 
disease aie highh susceptible to the othei , that is, a classification of 
animals on the basis of susceptibiht}' to one disease holds also foi the 
othei 

A similai situation obtains with lespect to changes in the chemical 
composition of the blood In this instance, I wush to emphasize 
especially the importance of changes wdiich he entirely within the 
so-called limits of normal and are usually regaided as of no significance 
An interesting example of this condition is furnished by the calcium- 
phosphoius equihhiium in the leaction to syphilitic infection (chaits 19 
and 20) The points to which I wush to direct attention are (1) the 
1 elation between the development of lesions as manifestations of the 
state 01 piogiess of the reaction to infection and the occuiience of 
changes in the chemical composition of the blood at conesponding times 
especially at the time wdien new'^ lesions cease to appear, (2) the 
diffeience betw^een the calcium-phosphoi us equilibrium of animals that 
ha^e suppressed their infection and normal animals living under the 
same conditions 

As I have ahead}' pointed out, one cannot grasp the full significance 
of such changes as those seen in these experiments wuthout consideimg 
both concenti ation and i elation It may be seen, howevei, that the 
trends of the cuives foi moiganic phosphorus and foi the calcium- 
phosphorus latio in paiticular show a definite relation to the course of 
disease It is also of inteiest to note that the precise nature of the 
change diffeis somewhat with conditions that exist at the tune of 
inoculation, with the severity of the disease and with the conditions undei 
wdiich the animals aie living The changes that occur during the early 
stages of the infection are vaiiable, but as the piogiess of the disease 
IS ariested, there is usually an increase m the calciuni-phosphoi us latio 
which may be caused b} either an increase in calcium or a decrease 
in inorganic phosphoius This is followed almost immediately by a 
level sal of the direction of these cuives moiganic phosphorus increases 
and the calcium-phosphorus latio decreases so that in the immune 
animal not only are the values obtained foi calcium and phosphorus 
nearei the mean normal levels than those for normal animals living 
undei the same conditions, but they show less fluctuation 
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The lesults as heie piesented aie foi gioups of ten animals each 
The relation between the course of disease and the chemical composition 
of the blood is brought out much more clearl}' by comparing the lesults 
foi individual animals, but it is not obscuied by giouping the lesults 
despite the fact that the couise of disease in diffeient animals is vaiiable 
and the changes in the blood of one not infiequently countei balance 
those of anothei 



Chart 19 — Relation between the course of sj'^philitic infection and the phosphorus 
equilibrium m the blood under different environmental conditions 


It IS not certain whether the changes in the calcium-phosphorus 
equilibiium are to be legaided as direct lesults of the reaction to 
infection or are lefeiable to changes in other substances, such as lecithin 
and cholesteiol which show an even greatei response 

In animals with tumois, it is more difficult to establish a definite 
1 elation between chemical vaiiations and the leaction to disease Marked 
alterations aie obtained m the composition of the blood with cleail} 
defined diffeiences between animals that lecoAer and those that die, 
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Chart 20 — Relation between the course of svphihtic infection and the calcium- 
phosphorus equilibrium in the blood undei different environmental conditions 
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but the inteipietation of lesults is complicated by the localization ot 
nietastases in impoitant oigans It can be said, however, that in the 
fatal cases theie is a marked teiminal inciease in inoiganic phosphoius 
and a decrease in calcium, with an inci ease in cholesterol and a decrease 
in lecithin, animals that recover show an opposite lesult 

The type of change that occurs in the blood of syphilitic animals 
and appaiently also in animals with tumoi, is of especial inteiest in that 
the leaction of recoveiy shows a tendency to leveit to and to maintain 
a form of equihbiium which is usually associated with a particular type 
of 01 game equilibrium, on the one hand, and with ceitain envnonmental 
influences, on the other, both of which aie chaiacteiized by seasonal 
pievalence and compai atively low susceptibility It is suipiismg that, 
meiely by the use of systematic observations, diffeiences of the 
magnitude of those concerned in most of these reactions can be shown 
to beai such a close i elation to a leaction to disease Aftei all, it is 
not the magnitude of a lesult that detei mines its significance but the 
1 elation which a lesult beais to something that is known to be 
significant 

Reversing the oidei of pioceduie, it has been found that the couise 
of disease may be influenced in a definite direction by the use of 
measures which distuib oiganic cquihbiium diiectly, as by the removal 
of a pait 01 the whole of some oigan, or by interference with the 
cooidinatmg mechanism Thus, removal of the thyioid gieatly inci eases 
the malignancy of the tunioi and the seventy of syphilitic infections, 
but lemoval of only a pait of the thyroid pioduces an opposite efifect, 
while extnpation of ganglions oi of paits of the nerves of the cervical 
sympathetics also aflects the couise of disease 

In like mannei, the couise of disease may be affected favoiably or 
unfavoiably by chemical agents which act not on the paiasite but on 
the host, such as the iodides, or by the use of conditions which involve 
nothing moi e than a diffei ence in light envii onment As I have pointed 
out, light affects both physical and chemical constitution in a manner 
which, undei ceitain circumstances, might be expected to inciease the 
seventy of disease and undei other circumstances, to dimmish it 
As will be seen latei, the lesults obtained agiee with expectations based 
on the assumption of a constitutional effect of light 

ACTUAL RELATIONS BETWEEN CONSTITUTIONAL STATES AND 
SUSCEPTIBILITY TO DISEASE 

So fai, I have discussed vaiiations m physical and chemical con- 
stitution of individual animals and of animal populations, the effects 
ot disease on constitution and the effects of constitutional disturbances 
on disease I come now to a consideration of the actual lelations that 
obtain between given constitutional states, on the one hand, and 
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susceptibility to disease, on the othei, as measmed by the incidence and 
severity of leaction phenomena 

I shall considei the distribution of various types of leaction 
among syphilitic animals, using the occuiience of generalized lesions 
as the basis of classification In my expeiience, the incidence of 
generalized syphilis m rabbits varies from about 20 to 100 per cent, 
with a mean of approximatel)'^ 60 per cent (unilateral testicular 
inoculation with the Nichols strain of T pallidum ) The number of 
lesions 01 foci of infection is also variable, so that b}’^ actual count a 
numeiical classification of animals can be made which coiiesponds with 
the extent of the lesions piesented 

If the incidence of generalized s}phihs is used as the basis of 
classification animals aie divided into two gioups As approximately 
40 per cent of all animals show no generalized lesions, the reaction 
displayed hy these animals is not measurable on this basis, they are, 
so to speak, submeiged The remaining 60 pei cent, however, give a 
distribution cuive comparable to the diminishing segment of a normal 
bell-shaped cuive which suggests that if the leaction of the submeiged 
fraction could be classified accuiately, the resulting distiibution would 
be much the same as that for organ weights oi foi other physical oi 
chemical chaiacters (chait 21, A) 

Since, at times, the incidence of geneiahzed syphilis does leach 
100 per cent, it is possible in such instances to classify the reaction of 
all animals, and when this is done one finds that the distribution curve 
IS in leality a normal cuive with a positive skew and is of the same 
01 del as the cuives foi constitutional distiibution with the same 13 1 
latio (chait 2\, B) By comparing the curve based on mean suscepti- 
bility with the cuive foi high susceptibility, one finds that the mam 
difference is in then position on the susceptibility scale Experience 
has shown that the distribution of persons about the mean or mode does 
not vary with the severity of the disease Dining periods of transition 
the scattei is mci eased, but the group as a whole is moved up or down 
as the case ma)'^ be 

This analvsis brings out two important points (1) that the factor 
of susceptibility is distiibuted in accordance with the same principles 
that govern the distribution of physical and chemical characters and 
(2) that the distribution curves foi susceptibility and constitution aie 
of the same type as the so-called epidemic cuive 

An analysis of the variations of group reactions is also instructive 
The signficance of the occurrence of periodic inci eases and decreases 
in the severity of disease may be shown by a comparison of the results 
obtained foi tumor malignancy and organ balance covering the same 
period As a matter of fact, the animals used foi the two sets of 
experiments weie taken from the same stock — one lot was killed foi 
a study of organ weights, the othei Avas inoculated ivith the tumor 
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Tumol malignancy may be leduced to the basis of a simple numeiical 
expiession by the use of two factois, namely, the incidence of metastases 
oi of malignant tumors among the animals of a group and the extent 
of the metastatic involvement The latter condition is detei mined at 
autopsy by a systematic enumeiation of the oigans and paits of the 
body in which metastases occui 



Foci of infection 

Chart 21 — Distribution of individual susceptibilitj to svpbilitic infection 

If the lesults foi the three yeais ate leduced to the basis of a single 
yeai, as was done in the case of the weights of organs, it is found 
that both the incidence and the distribution rates show distinct seasonal 
vaiiations with high points m the late winter, early spring and fall, 
the values foi the summer months aie much lower (chart 22) It \m11 
be noted, howevei, that the high and low points of the two cuives do 
not coincide, but a change in one tends to precede a change m the othei 
indicating that theie is some difteience between the factois of preralence 
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and seventy Tiue malignancy is expressed more accurately by a 
combination of the values for incidence and distiibution 

The curve obtained in this way does not differ greatly from the 
mortality curve foi New York coveimg the same period and including 
deaths from all causes (chart 22) Both cuives may he legaided as 
measuies of vitaht}^, and they agree m indicating that vitality is higher 



Chart 22 — Susceptibilitj to a transplanted tumor Combined results for from 
1922 to 1924 


during summer than at othei times This is precisely what would be 
expected if one assumes that vitality is a function of organic con- 
stitution, as may he seen hy a comparison of the curves for oigan 
balance and malignancy (chart 23) In some respects, the results given 
by actual values are even more striking than those shown by smoothed 
values 


brown— CONSTITUTIONAL VARIATION 


657 


These two cuives epitomize a situation which cannot be dismissed 
as meie coincidence — they present actual conditions On the one hand, 
theie aie facts concerning the leaction of animals to inoculation of 



tumoi and, on the othei, lesults for oiganic constitution based on 
animals taken fiom the same stocks Our lesults for the leaction to 
svphihs are not so complete but as fai as the ciitical periods are con- 
cerned the} aie m essential agi cement 
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So tar, I have dealt with facts which could be ascei tamed by the 
use of simple methods of piecision I shall now considei the meaning 
ot these facts It has been found that oiganic constitution, chemical 
constitution and the leaction to disease are all variables which are 
distiibuted among an animal population in essentially the same mannei, 
and that while the relative distiibution of these characteis within the 
gioup IS virtually constant, the values foi gioups as a whole aie subject 
to wide vaiiation It has also been found that constitution m its 
bioadest sense and the reaction to disease show clearly defined seasonal 
variations of the same geneial order and that vaiiations of a similai 
character can be produced experimentally by changing the mode of life 
of animals or by changes of environment Fuithermore, it has been 
tound that disease gives rise to changes m physical and chemical con- 
stitution comparable with those that occui m normal animals at differ- 
ent periods of the yeai or with vaiiations m susceptibility to disease 
and, conversely, that disturbance of the normal constrtutronal equihbnum 
gnes use to decided changes m the efficiency of the reaction to disease 
It has also been found that the changes m physical and chemical 
constitution, metabolic activity and susceptibility to disease which aie 
produced by environment are of the same nature as the diffeiences pie- 
sented by animals of different age groups , that is, the effects of 
environment and of age are expiessed m a similar manner, so that the 
comparison of the ages of man with the seasons represents something 
moie substantial than poetic fancy 

In brief, it would appeal that in all these conditions one is dealing 
with two sets of factors, the one physical or chemical and the othei 
functional, and that these factors are so intimately related that a 
variation m one is alwajs reflected by a variation m the other In 
other words, it seems that the reaction to disease is essentially a 
functional expression of a physicochemical status According to this 
conception, the organs and tissues of the body are structural units rvhich 
mdividuall)'- and collectively perform or control the functional activities 
of the body The reaction to disease is as much a functional actnity 
of the body as the processes of digestion and assimilation, and I know 
of no reason to regard the reaction to disease as more highly specialized 
than the performance of any other vital function 

The question now arises as to whether conditions that obtain among 
experimental animals throw any light on the relation of man to disease 
The answer to this question is indicated by a comparison of the experi- 
mental results with the mortality curve for New York covering the 
same period But, m attempting to apply the results of these experi- 
ments to human constitution and susceptibility to disease, differences in 
behavior are to be expected Moreover, there are certain conditions that 
must be taken into account 
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In the hist place, a distinction must be diawn between a constitutional 
status as It affects general health and vitality and a status which is 
favorable or unfavoiable foi the development of a paiticulai disease 
While at present knowledge is limited to conditions which affect sus- 
ceptibility as a general pioposition oi susceptibihtv to ceitam expeii- 
mental diseases, theie aie definite indications of the mannei in which 
specific susceptibilities may be affected Theie are two phases of 
01 game constitution to considei namely, the organ-body-n eight relation 
or oigan balance and the oigan equilibiium oi intei i elation of oigans 
The basic lelations of these states differ in peisons In viitue of 
inheiitance, they vaiy from month to month and fioin year to yeai 
in response to ceitam envii onmental influences Theie is, howevei, a 
1101 mal trend In summei, the tendency is towaid a high positive oigan 
balance with a piedominant endocime influence, in wintei, this con- 
dition IS leveised, spiing and fall aie peiiods of tiansition Moieovei, 
the change from a summei to a wintei status is accomplished, as a rule, 
by a lapid but continuous tiansition from the maximum level of July 
or August to a minimum level m Novembei The tiansition fiom 
wintei to summei conditions, howevei, is irregulai and discontinuous 
with a tendency to reveise movements, as a rule, the greatest 
inegulaiity occuis duiing Febiuaiy and Maich This is meiely an ebb 
and flow of a seasonal tide in the animal oiganism comparable with 
that in plants and subject to the influence of envii onmental conditions 
In estimating the bearing of these conditions on susceptibility, one 
must consider the foim and level of constitutional values, the stability 
and the rate and smoothness of tiansition fiom one state to anothei 
As I have alieady pointed out, high values aie favoiable and low values 
aie unfavorable, but transition m either direction is a distuibing influence 
This IS paiticulai ly tiiie of movements in a direction opposite to that 
of the normal trend If the movement is gradual and continuous, 
incidence is affected more than the seveiitj'- of the disease, but if the 
movement is lapid, iriegiilar oi extreme, the seventy of the disease is 
inci eased accoidingly Thus, in the malignancy ciiive, the fall increase 
IS due largely to an increase in the piopoition of animals with malignant 
tumors, while the spiing use shows a gieatei inciease in the distiibution 
of metastases oi in the actual malignancy of the tuinoi 

This phase of constitutional ^allatIon has a probable beaiing on the 
seasonal pievalence of disease but, here again, a distinction must be 
drawn between acute and chronic diseases I have worked entirely wuth 
chionic diseases, but in one case (tumor) the ultimate course of disease 
IS usually determined wuthin from two to four w'eeks after inoculation, 
while in the other (syphilis) the period is fiom two to three months 
So fai as the geneial tiend of variations is concerned, the results for 
the two diseases agree, but, using the time of inoculation as the point 
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of leference, it has been found that susceptibility to the tumor was moie 
closely related to prevailing constitutional and environmental conditions 
than susceptibility to syphilis, that is, the influence exerted at a 
particular time might be sufficient to determine the end-iesult in one 
case, wheieas in the other, the time or length of action would be 
insufficient to produce a decisive effect, or the effect pioduced might be 
modified subsequently by the action of some other influence The 
principle to be deduced is that the more acute the disease, the greatei 
the influence of prevailing conditions and the gieatei the effect of abiupt 
or radical deviations from prevailing or noimal conditions 

There is still another feature of this conception which should be 
made clear In an effort to arrive at a few general principles, the 
results of these experiments have been condensed to tbe basis of a 
single year, while in reaht}'- they cover a period of several years A 
comparison of lesults foi different years shows that while vaiiations 
in constitution and susceptibility tend to follow tbe same general tiend 
from year to year, the time and extent of the variations may differ 
greatly MoreoA'^er, there is some experimental evidence to show that 
constitutional A^ariations and susceptibility to disease follow a cycle of 
piogressive increase and decrease extending ovei a peiiod of years 
These obseivations may have a bearing on vaiiations m the prevalence 
and sei'^enty of disease fiom year to year as well as the periodic 
recuirence of epidemics 

With leference to particular diseases, it is to be expected that con- 
ditions that are favorable for the occurience of one disease may be 
unfavorable for the occurience of another^ For, after all, pathogenic 
oiganisms must live and multipl}'- in the body to produce disease In 
this sense, the body is a cultuie medium, but all living things require 
appropriate conditions for their giowth Pathogenic oiganisms are 
not exceptions to this rule, and it will probably be found that the 
variations which occur in the chemical composition of tissues and fluids, 
independent of any specific immunologic leactions, are sufficient to 
account foi wide variations in the prevalence and severity of particular 
diseases 

While I am not concerned, at this time, with the i ole of the causative 
agents of disease, attention may be called to the fact that if A’^aiiations 
in dosage or vnulence occurred in these experiments, they made no 
clearly defined impression on the results oi else thev followed the 
diiection which I have ascribed to susceptibility and ivere subordinate 
to the influence of constitutional factors This was to be expected 
since theie are, aftei all, compai atn'ely few infectious diseases which 

4 S 3 'denham The Works of Thomas Sydenham, M D Translated from 
the Latin Edition of Dr Greenhill b\ R G Latham Printed for the Svdenham 
Societ\, London, 1848, \ol 1, ch 2 
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teiminate fatally in more than 50 pei cent of cases, that is, in most 
instances, the ultimate balance of power lests with the host and not 
with the infecting organism Moieovei, it is not impossible that some 
of the conditions which one is accustomed to legard as changes m 
viiulence may be nothing moie than expiessions of giowth m a favoi- 
able 01 unfavoiable medium In this case, virulence and susceptibility 
become one and the same thing — a function of constitution But, in 
piesentmg the mattei m this way, it is not my intention to minimize the 
impoitance of vaiiations m the pathogenic piopeities of micio-oigamsms 
01 to deny the occurrence of vaiiations independent of the host On 
the contiaiy, it has been found that so fai as T palhdiim is concerned, 
not only aie there diffeiences in the pathogenic piopeities of diffeient 
stiains, but the piopeities of a given stiain can be changed mateiially 
by expel imental means, such as continued piopagation undei favoiable 
01 unfavorable conditions 

COMMENT 

So fai as they go, my expel iments not only aie in haimony with 
known facts conceinmg human constitution and susceptibility to disease 
but the) enable one to state some of the geneial pimciples of the 
constitutional concept in simple teims of piesent knowledge and to 
visualize conditions which may influence susceptibility to disease Con- 
stitution thus becomes a conciete leality which lends itself to measuie- 
ment and test m accoi dance with the demands of modem science The 
elemental y conception of constitutional vaiiation and its relation to 
disease which I have attempted to outline involves only one assumption, 
and that is that all functional activities of the body aie either peifoimed 
01 conti oiled by oigans and tissues and that the organs are provided in 
such numbeis and amounts as aie necessaiy for the pei foiinance of 
then appointed functions One need not know the function of a single 
oigan 111 ordei to show that pei sons difller fiom one anothei in lespect 
of then 01 game equipment, oi that they aie pei sons and not standaid 
machines oi standaid mediums foi the giowth of pathogenic micio- 
oiganisms It can be shown that variations in the mass and mass lelations 
of organs aie constantly occuirmg in i espouse to demands made by 
changing conditions of life and that these vaiiations m oiganic con-* 
stitution aie accompanied b)’’ vaiiations in chemical constitution, all of 
which may well be confined within the usual limits of noimal, foi they 
aie noimal It can also be shown that these diffeiences and vaiiations 
111 physical and chemical constitution aie associated with differences and 
variations m functional activity and susceptibility to disease or in the 
degree of natuial immumtv 

Changing conditions of life affect individuals and gioups, but as 
individuals diffei m lespect of their mheient constitutional equipment, 
they diftei also m their leaction to influences of all kinds Some are 
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capable of immediate and complete adjustment and otheis aie slow to 
respond or aie incapable of adjustment, so that when the memheis of 
a group aie subjected to a change m the conditions of life or are 
exposed to infection under favoiable oi unfavoiable conditions, the 
response obtained varies according to the capacities of the individual 
Hence, even now, there is some undei standing of how and why one 
person diffeis from another m lespect of the geneial piopeity of sus- 
ceptibility to disease and why it is that the susceptibility of persons and 
of populations is not fixed but varies from time to time, independent of 
any immunity that may be acquired through pievious exposure to a 
given disease 

When one is able to base all expeiiments on material of known 
genetic constitution and thus link together the two factors of heredity 
and environment, one will be in a position to gam a much clearer under- 
standing of these intricate problems 



THE PATHOLOGY OF THE PANCREAS IN NON- 
DIABETIC PERSONS 

A STUDY OF ONE HUNDRED AND FIFTY-SIX CONSECUTIVE 
AUTOPSIES ON NONDIABETIC PATIENTS 

SHIELDS WARREN, MD 

BOSTON 

In a lecent at tide, Gibb and Logan ^ piesented valuable data beaiing 
paiticularly on pancreatic changes found at autopsy on 147 patients 
with diabetes melhtus As then repoit was based on diabetic patients 
alone, it seems woith while to lepoit the pathologic changes in a senes 
of panel eases fiom nondiabetic patients 

The autopsies done on nondiabetic patients in this laboiatoiy duiing 
1928, a total of 156, form the basis of the piesent analysis The ana- 
tomic causes of death lange from acute conditions such as typhoid fevei 
pneumonia and postoperative pulmonaiy embolus to various chionic 
conditions, among which the late manifestations of caicinoma weie 
fiequent Suffice it to say that only in laie cases were pancreatic 
changes an important factor in the clinical course or in the causation of 
death The ages at death of these patients vaiied fiom 8 days to 87 
yeai s 

In all cases sections of the pancieas weie studied aftei staining with 
eosin methylene blue (methylthioiiine chloride, U S P ) and with 
phosphotungstic acid hematoxylin In all autopsies done in less than 
three hours post mortem (this constituted a considerable portion of the 
autopsies), Mallory’s aniline blue stain, Masson’s three color stains and 
the granule stains of Bensley, Lane and Ukai were resorted to The 
fixation was ordinarily Zenker’s fluid, but frequently Helly’s fluid, 
Champy’s fluid and Regaud’s method of fixation weie utilized 

In table 1, the occurrence of interstitial pancreatitis and lipomatosis 
is given by decades This is contrasted with table 1 A, which is table 1 
of Gibb and Logan with their column headed “Arteriosclerosis” omitted 

The mateiial is more concentrated in the older age groups Not only 
do oui nondiabetic cases show the same tendency for interstitial pan- 
creatitis to inciease in frequency with advancing age as do those of 
Gibb and Logan, ^ but also the frequency, while distinctly less, is never- 

’■ Submitted for publication, May 25, 1929 

'f'From the Pathological Laboratory of the New England Deaconess Hospital 
and Palmer Memorial Hospital 

1 Gibb, W F, Jr, and Logan, V W Diabetes Melhtus, A Study of One 
Hundied and Forty-Seven Autopsies, Arch Int Lied 43 376 (March) 1929 
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theless so gieat as to pieclude consideiing this a chaiactenstic diabetic 
lesion In making the diagnosis “intei stitial panel eatitis” all cases 
showing only slight fibiosis weie passed ovei, and only those showing 
deal cut (though at times focal) increase m mtei acinar or interlobular 
fibrous tissue included in the tabulation In scatteied instances, this 
fihiosis was accompanied by round cell infiltration The occuiience 
of this fibiosis 111 neaih one half of the nondiabetic patients m the oldei 
age group rules it out as a chaiactenstic diabetic lesion 

How far one may considei intei acinar fibiosis as a cause of atiophy 
of the pancreatic tissue is open to question I believe that in the pan- 

Table 1 — Age Distnbution Accoidnig to Decades m Nondiabetic Patients 


Interstitial Pancreatitis Lipom itosis 


Age 

Cases 

Cases 

Per Cent 

Cases 

Per Cent 

0 to 10 

3 

0 

0 

0 

0 

11 to 20 

2 

0 

0 

0 

0 

21 to 30 

3 

0 

0 

0 

0 

31 to 10 

4 

1 

25 

0 

0 

41 to 50 

31 

3 

96 

6 

19 3 

51 to eo 

46 

16 

34 7 

13 

28 2 

61 to SO 

66 

32 

48 4 

17 

257 

81 to 90 

1 

1 

100 

1 

100 


Table 1A (table 1 of Gibb and Logan ) — Age Distubution Accoidtng to 
Decades in Patients imth Diabetes 


Interstitial Pancreatitis Lipomatosis 

- - - —A. A _ 


Age 

Cases 

Oases 

Per Cent 

Cases 

Per Cent 

10 to 20 

12 

1 

8 

0 

0 

21 to SO 

15 

4 

26 6 

0 

0 

31 to 40 

16 

7 

44 

1 

63 

41 to 50 

36 

23 

64 

8 

22 

51 to 60 

45 

29 

64 

20 

44 4 

61 to SO 

23 

15 

65 

12 

52 


cieas, as in the liver, fibrosis is moie frequentl} a lesult than a cause of 
injury to the parenchyma 

When lipomatosis is considexed, there is some similarity of the data 
piesented here to those of Gibb and Logan ^ This change is absent in 
the younger age gioups in both series The occasional occurience of 
extieme emaciation with depletion of almost all the stoied fat of the 
body 111 cases of carcinoma has undoubtedly lowered the incidence of 
lipomatosis in my senes Whatevei the mechanism of development of 
panel eatic lipomatosis may be m diabetic persons, in this senes it is much 
moie intimatelv i elated to the amount of bodv fat than to atrophy or 
fibiosis of the panel eas 

Exen 111 the islands themselves the occuiience of abnoimahties is not 
lestncted to diabetes Indeed, their occurrence in nondiabetic peisons 
IS a pieiequisite if one considei s insulai changes the cause lathei than 
the result of diabetes Table 2 gni-es the frequency of lesions in the 
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islands and the occuirence of inteistitial pancieatitis With it is con- 
tiasted table 2 A (table 2 of Gibb and Logan 

The piepondeiance of noimal islands in this seiies is of couise to be 
expected Fibiosis of the islands may presumably be bi ought about by 
the same causes that pioduce inteistitial fibiosis, and so the i datively 
high con elation of the two lesions m both senes is to be expected 

The occunence of hyaline islands m the panel eas of a nondiabetic 
patient was fiist pointed out by Ohlmachei,- and othei cases have been 
lepoited in some detail by Cecil ^ and by Wnght ^ If one accepts hyaline 
degeneiation of the islands as a cause lathei than a lesult of diabetes, a 

Table 2 — The Incidence of Lesions m the lAands 




Interstitial Pancreatitis 

X 


Oases 

f 

Cases 

Per Con 

Normal islands 

130 

40 

30 7 

Pyknotic islands 

2 

1 

50 

Slight fibrosis 

7 

6 

S3 7 

Moderate fibrosis 

1 

3 

75 

Marked fibrosis 

1 

1 

100 

Hyaline islands 

o 

1 

33 3 

Hemachromatosis 

0 

0 

0 

Hydropic degeneration ((?) 

2 

0 

0 

Mitotic figures 

2 

0 

0 

Hemorrhage 

i 

0 

0 

Adenoma 

2 

0 

0 


Table 2 A (table 2 of Gibb and Logan) — Effect of InteisMial Fibiosis on 

Island Cells 


Interstitial Pancreatitis Capsular Thickening 

— -A - A 



Cases 

Cases 

Per Cent 

Cases 

Per Cent 

Normal islands 

11 

3 

23 

3 

27 

Pyknotic islands 

15 

7 

4G 

3 

20 

Slight fibrosis 

31 

14 

45 

17 

55 

Moderate fibrosis 

23 

11 

48 

1C 

70 

Marked fibrosis 

25 

1C 

04 

1C 

G4 

Hyaline islands 

30 

22 

73 

IG 

58 

Hemachromatosis 

7 

7 

lOO 

4 

57 


model ate numbei of cases must exist in which the lesion is not suffi- 
ciently marked to pioduce symptoms In my senes theie are three such 
cases — 1 pel cent of the total numbei 

1 have avoided the question of capsulai thickening, as Gibb and 
Logan ^ did not state whethei they had taken Otam’s ° type A as a noim 

2 Ohlmacher, J C The Relation of the Islands of Langerhans to Diseases 
of the Liver, with Special Reference to Carboh 3 'clrate Metabolism, Am J M Sc 
128 287, 1904 

3 Cecil, R L Hyaline Degeneration of the Islands of Langerhans in Non- 
diabetic Conditions, Am J M Sc 147 726, 1914 

4 Wright, E W Hyaline Degeneration of the Islands of Langerhans in 
Non-Diabetics, Am J Path 3 461, 1927 

5 Otani, S Studies on the Islands of Langerhans m the Human Pancreas 
Am J Path 3 1, 1927 
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(the capsule made up of the basement membianes of suiiounding 
acmi) or the delicate, moie oi less complete connective tissue capsule 
frequently found about the islands 

SUMMAR\ AND CONCLUSIONS 

1 The pancreatic lesions m 156 autopsies on unselected nondiabetic 
patients aie summarized 

2 Piactically any lesion found in the pancreas of diabetic patients 
can be duplicated in the pancieas of nondiabetic patients, though the 
fiequency of occurience of lesions of the islands is much less in the 
lattei group 

3 Interstitial pancreatitis occuis too fiequently in nondiabetic 
patients to be considered a charactei istic lesion of diabetes 

4 In many cases lipomatosis is related to the amount of body fat 

5 It IS impossible from a study of the pancreas to diagnose the 
piesence or absence of diabetes 


CALCIUM STUDIES 


IV THC CALCIUM CONTENT OF CEREBROSPINAL FLUID 

A CANTAROW, MD 

PHILADLLPIIIA 

The calcium content of human cerebiospmal fluid has not been exten- 
sively investigated, but the geneial impiession is that it is extremely 
constant m health and in the gieat majoiit}- of pathologic states 
Halveison and Bergeim ^ and Piiictis and Kiamer^ found the spinal 
fluid of human beings to aveiage about 5 mg pei bundled cubic centi- 
meters Ciitchley and O’Flynn ^ found it to be 6 2 mg, practically 
constant at that figuie and not vaiying chaiacteustically in disease, with 
the exception of a fall m tetany and a use in Fiom’s syndrome 

The present study consists of the deteimmation of the calcium con- 
tent of the cerebrospinal fluid of 240 persons Sixty-eight may be 
classed as normal, the remaining 172 suffeiing with a vaiiety of disor- 
ders which may be giouped undei six headings (1) pulmonary tubei- 
culosis in vaiious stages of extent and activity, (2) distuibances of an 
atopic nature, including bronchial asthma, mucous colitis, vasomotor 
ihinitis and angioneuiotic edema, (3) syphilis, including also paresis, 
tabes and ceiebiospinal syphilis, (4) acute meningeal and cerebial infec- 
tions, such as suppuiative meningitis, tuberculous meningitis and epi- 
demic encephalitis, (5) mental and neurologic disoideis, including 
imbecility, mental deficiency, epilepsy, dementia praecox, mania and 
aitenosclerotic and alcoholic dementia, (6) a miscellaneous group 
including pregnancy and paroxysmal dyspnea of undetermined origin 

CALCIUM DETERMINATIONS 

The calcium deteimmations weie made by the Clark-Colhp modifica- 
tion of the Kiamer-Tisdall method^ They are detailed m the accom- 
panying table and may be summaiized as follows 

Submitted for publication, June 15, 1929 

From the Medical Service of Dr Thomas McCrae and the Department for 
Diseases of the Chest, Jefferson Hospital 

1 Halverson, J O , and Bergeira, O The Calcium Content of Cerebro- 
spinal Fluid, Particularly in Tabes Dorsalis, J Biol Chem 29 337, 1917 

2 Pmcus, J B , and Kramer, B Comparative Study of the Concentration 
of Various Anions and Cations in Cerebrospinal Fluid and Serum, J Biol Chem 
57 463, 1923 

3 Critchley, M , and O’Flynn, E The Calcium Content of the Cerebro- 
spinal Fluid, Brain 47 337, 1924 

4 Clark, E P , and Colhp, J B A Study of the Tisdall Method for the 
Determination of Blood Calcium with a Suggested Modification, J Biol Chem 
63 461, 1925 
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N'oiinal — In sixty-eight essentiall)'- noimal persons, the spinal fluid 
calcium vaiied fiom 4 52 to 5 50 mg pei hundred cubic centimeteis 
Ptiliiionaiy Tubei ciilosis — Foi sixty-thiee patients with pulmonaiy 
tubeiculosis of varying extent and activity, the figuies langed between 
4 and 7 75 mg per hundred cubic centimeteis In none of these cases 
was tuberculous meningitis piesent For thiity-six of this group the 
figures were within normal limits (fiom 4 5 to 5 5) , for twenty-two they 
weie above and foi five, below normal 


Calcium Content of Cci cbi ospinal Fluid in Sixty-Eight Noinial Pci sons and in 
One Hundted and Seventy-Tzvo Pei sons zvitli Vaiiouz Pathologic Conditions 


Condition 

Cases 

Calcium* 

Isormalt 

c; 

1 ,Q 
1 

Below t 

Nornnl 

CS 

4 52 5 50 

68 

0 

0 

■pulmonary tuberculosis 

G3 

4 00 7 75 

36 

22 

5 

Bronchial asthma 

25 

4 SO-fl S3 

8 

16 

1 

Paresis 

19 

5 21-C 65 

3 

16 

0 

Tabes 

12 

5 23-6 29 

3 

9 

0 

Cerebrospinal syphilis 

4 

5 43 5 71 

1 

3 

0 

Acute meningitis 

5 

5 05 6 50 

1 

4 

0 

Tuberculous meningitis 

3 

5 88 7 50 

0 

3 

0 

Encephalitis 

3 

5 82-6 90 

0 

3 

0 

Epilepsy 

4 

5 00 6 00 

3 

1 

0 

Imbecility 

2 

4 90 5 30 

2 

0 

0 

Mental deficiency 

2 

5 60 5 SO 

0 

2 

0 

Mania 

1 

5 S5 

0 

1 

0 

Dementia praecoy 

3 

5 62-6 73 

0 

3 

0 

Arteiiosclerotio dementi i 

3 

5 03-0 53 

1 

O 

0 

Alcoholic dementia 

2 

5 95-6 63 

0 

2 

0 

Syphilis 

7 

5 25-6 66 

1 

0 

0 

Pregnancy 

6 

4 50-5 25 

6 

0 

0 

Mucous colitis 

3 

5 62-6 00 

0 

3 

0 

Vasomotor rhinitis 

2 

5 75-610 

0 

2 

0 

Vasomotor ataMa 

1 

5 56 

0 

1 

0 

Paroxysmal dyspnea 

1 

5 00 

1 

0 

0 

Angioneurotic edema 

1 

5 50 

1 

0 

0 


* Calcium ^ ilues c\piessod in milligiims pci Iiundred cubic centimeters 
+ Numbei of enses in each group nitliin, aboie ind belOM noimal limits 


Atopic Distui bailees — In twenty-five patients suffeiing with bron- 
chial asthma the concentiation of spinal fluid calcium varied fiom 4 39 
to 6 33 mg per hundred cubic centimeters For eight of these the figures 
were within noimal limits, foi sixteen, above and for one, below 
normal 

Till ee patients with mucous colitis showed figures of f i om 5 62 to 
6 mg of spinal fluid calcium, all being above normal 

For two patients u ith vasomotoi rhinitis and one with angioneurotic 
edema the figuies were from 5 5 to 6 1 mg one being the high limit of 
noimal and two above normal 

Syphilis — Seven patients with s}phihs without demonsti able involve- 
j ment of the central nervous system had concentrations of spinal fluid 
calcium of from 5 25 to 6 66 mg per bundled cubic centimeteis One 
was within normal limits and six above noimal In nineteen cases of 
paresis the figures ranged from 5 21 to 6 65 mg , being normal in three 
and above normal m sixteen In tweh'^e cases of tabes the figures were 
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I fiom 5 23 to 6 29 mg , being normal in thiee and above normal in nine 
I Four patients with cei ebi ospmal syphilis had calcium concentrations of 
from 5 43 to 5 71 mg , one being noimal and thiee above normal 

Acute Local Infections — The observations in the group with acute 
local infections were as follows Five patients had meningococcus 
meningitis, with a spinal fluid calcium content of fiom 5 05 to 6 5 mg , 
foi one of these, the figures were noimal and for four, above normal 
' Three had tuberculous meningitis, with a calcium content of from 5 88 
to 7 5 mg , all of these weie above normal Three had acute epidemic 
‘ encephalitis and a calcium content langing from 5 82 to 6 9 mg , all 
weie above noimal 

Mental and Newologic Dtsoideis — The gioup with mental and neu- / 
rologic disorders includes four patients with epilepsy, two imbeciles, two ! 
with mental deficiency, one with mama, thiee with dementia praecox, ' 
thiee with artei losclerotic dementia, and two with alcoholic dementia ' 
The calcium values langed from 4 9 to 6 73 mg per hundred cubic centi- 
meteis, six being within normal limits and eleven above normal 

Miscellaneous — In six cases of pregnancy of fiom three weeks to 
ten lunar months, the calcium values ranged from 4 5 to 5 25 mg , all 
within noimal limits On'^ patient with paioxysmal dyspnea of unde- 
termined origin had a calcium content in the spinal fluid of 5 mg , and 
one with vasomotoi ataxia, 5 56 mg 

For sixty-seven of the 172 patients with a variety of disorders, the 
lalues foi spinal fluid calcium were within noimal limits, for ninety- 
nine they were above and for six below noimal 

CONCLUSIONS 

1 The calcium content of the cei ebi ospmal fluid of sixty-eight noi- 
nial pel sons was found to be from 4 52 to 5 5 mg per hundred cubic 
centimeters These figui es support the pi evalent belief m the constancy 
of the spinal fluid calcium undei normal conditions 

2 The calcium content of the cerebi ospmal fluid of 172 patients 
suflfering with vaiious disoiders was from 4 to 7 75 mg per hundred 
cubic centimeteis If one consideis the noimal limits to be from 4 5 
to 5 5 mg , sixty-seven of these were within noimal limits, ninety-nine 
were above and six weie below normal There is evidently considerable ' 
variation in disease, the great majority of patients with inflammatory 
disease of the meninges and brain, those with atopic disorders and 
s)^philis and many with pulmonaiy ttibeiculosis having concentrations of 
spinal fluid calcium well above the high limit of noimal 
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V THE RELATIONSHIP BETWEEN THE CALCIUM CONTENT OF 
CEREBROSPINAL FLUID AND BLOOD SERUM * 

A CANTAROW, MD 

PHILADFLPHIA 

The growing interest in distuibances of calcium metabolism within 
lecent years has stimulated investigation of the state of calcium in 
blood serum and its distribution in various body fluids The cerebio- 
spmal fluid has received particular attention since, if it is assumed that 
this fluid IS a piotein-free filtrate of blood plasma, its calcium content 
may be taken to repiesent the diffusible calcium of the blood 

The question arises as to whether the cerebrospinal fluid ma} be 
correctly legaided as a protein-free filtrate of blood jilasma The liter- 
ature on this point has been extensively reviewed by Becht,^ W eed - and 
Levinson ^ Several arguments have been advanced in support of the 
belief that the fluid is formed by a secretory process Petit and Girard ■* 
demonstrated an inci eased flow^ following the admimsti ation of pilo- 
carpine, muscai me and ether Cappilletti ^ found a diminished flow 
following the use of ati opine and hyoscyamine Similar results have 
been obtained by man;y investigators and have been adduced as proof 
of the secretoiy origin of the fluid Mott ° believed that vacuoles which 
he found in the cells of the choroid plexus weie conclusive evidence of 
secretory activiL of these cells Dixon and Halliburton ’’ claimed a 
hormone action for extracts of the choroid plexus which, injected intra- 
venously, resulted in an increased flow of cerebrospinal fluid 

* Submitted for publication, June 15, 1929 

’’ From the Medical Service of Dr Thomas McCrae and the Department for 
Diseases of the Chest, Jefferson Hospital 

1 Becht, F Studies on the Cerebrospinal Fluid, Am J Physiol 51 1 1920 

2 Weed, L H The Cerebrospinal Fluid, Physiol Rev 2 171, 1922 

3 Levinson, A Cerebrospinal Fluid, ed 2, St Louis, C V Mosbv Co , 

1923, p 51 

4 Petit, L , and Girard P Sur la function secretoire et la morphologic de 
plexus choroides. Arch d’anat Micr 5 213 1902-1903 

5 Cappilletti, S L’ecoulement du liquide cerebro-spinale par la fistula 
cephalo-rachidienne en conditiones normales et sous I’lnfluence de quelques medi- 
camentes. Arch ital de biol 36 299, 1901 

6 Mott, F W Oln er-Sharpey Lectures Cerebrospinal Fluid, Lancet 2 1, 

1910 

7 Dixon, W E , and Halliburton, W D Cerebrospinal Fluid I Secre- 
tioir of the Fluid J Ph\siol 47 215, 1913 
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On the other hand, Hassin ® brought f oi ward evidence to show that 
the function of the plexus is not secietion Whether or not absorption 
occurs here, as he believes, there is no appaient reason why secieting 
cells should contain vacuoles According to Becht,^’ the condition of 
the cells of the choroid plexus as described dining the period of sup- 
posed “secretion” is the exact opposite of that seen in actively secreting 
cells The latter have an inner granular and an outer clear zone, with 
distinct nuclei, whereas in the former there is an outer gianular and 
an inner cleai zone the nuclei being indistinct Becht fuithermore 
showed that all changes in spinal fluid outflow and pressure due to drugs 
can be traced to variations in intracianial venous and arteiial tension, 
and concluded that there is no evidence that the fluid is foimed by secre- 
tion jMcClendon on physicochemical giounds. claimed that the fluid 
IS an ultrafiltrate of blood plasma The difiPerences in chemical deter- 
minations of plasma and spinal fluid may be due to dilTeiences in dififusi- 
bihty of the vaiious constituents of the blood and to a vaiiation between 
the rates of entiance and absorption of ceitam elements of the fluid 

Levinson found the hydrogen ion concenti ation of blood and spinal 
fluid to be identical and summed up the situation by this statement 
“The fact that neaily all constituents of the blood are present in the 
cerebrospinal fluid and that then physicochemical pioperties are prac- 
tically the same would make one believe that the cerebiospmal fluid is a 
diiect pioduct of the blood ” 

In view of these facts, theie appears to be sufficient justification foi 
considering the spinal fluid calcium to be the diffusible calcium of the 
blood Furtheimoie, theie seems to be a satisfactory agieement between 
the figures for spinal fluid calcium and those for diffusible serum cal- 
cium as detei mined by actual diffusion experiments Halverson and 
Bergeim and Pincus and Kiamer^“ found the calcium content of 
human cerebrospinal fluid to average 5 mg per hundred cubic centi- 
meters, or fiom 45 to 50 pei cent of the blood serum calcium This 
ratio IS the same as that reported by Neuhausen and Pmcus and b} 

8 Hassin, G B Histopathologj of Brain Abscess, A.rch Neurol & 
Psychiat 3 616 (June) 1920 

9 Becht, F Studies on the Cerebrospinal Fluid, Am J Physiol 51 1, 1920 

10 McClendon, J F The Formation and Composition of Cerebrospinal 
Fluid, JAMA 70 977 (April 6) 1918 

11 Halverson, J O, and Bergeim, O The Calcium Content of Cerebro- 
spinal Fluid, Particularly m Tabes Dorsalis, J Biol Chem 29 337, 1917 

12 Pmcus, J B , and Kramer, B Comparative Study of the Concentration 
of Various Anions and Cations in Cerebrospinal Fluid and Serum, T Biol Chem 
57 463, 1923 

13 Neuhausen, B S , and Pincus, J B A Study of the Condition of Sev- 
eral Inorganic Constituents of Serum by Means of Ultrafiltration, J Biol Chem 
57 99, 1923 
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Updegraff, Greenberg and Clark for diffusible calcium as detei mined 
by ultrafilti ation experiments 


PRESENT INVESTIGATION 

The piesent study consists of the determination of the calcium con- 
tent of blood serum and cerebi ospinal fluid withdrawn at the same time 
in each case from 199 different persons Of these, sixty-eight were 
normal and 131 had vaiious pathologic conditions The spinal fluid 
calcium was consideied the diffusible fi action of the serum calcium, 


Table 1 — The Calcium Content of the Blood Set uni and Cet chi ospinal Fluid 
and the Nondtffusible Calcium in Sixty-Eight Noiinal Pci sons and in 
One Huiidicd and Tint ty-One Patients with a Vaiicty 
of Pathologic Conditions 




62 

5g 

1 




o 

B 

a 

3 



O 

B 



a* 




OS. 

© 

B 

m p 

■2 S 

m P 
3 3 


se 

■a S 

B 2 


<r 

(/ 

o tX) 

C/l 

3 5 

? o 

o 

5a « 

is " 

«o 

P o 

R © 
O’? 

Condition 



(L 

/" 

*- 

1 

— 

1 

Normal 

(3« 

9 2 no 

45 55 

4 75 5 77 





Pulmonary tuberculosis 

63 

S 1 -13 8 

iO Tlo 

3 34 8 87 

22 

5 

14 

19 

Astlxma 

25 

70 1267 

4 39-6 33 

15-75 

16 

1 

2 

18 

Mucous colitis 

3 

9 84 110 

5 62-6 00 

4 22 5 00 

3 

0 

0 

2 

Vasomotor rhinitis 

2 

10 55 10 7 

5 75-0 10 

4 45-5 00 

1 

0 

0 

1 

Angioneurotic edema 

1 

S2 

55 

27 

0 

0 

0 

1 

Tabes 

6 

9 81 12 25 

5 23 6 21 

4 62 6 04 

5 

0 

1 

2 

Paresis 

5 

9 87-13 16 

5 21 5 98 

4 59 7 21 

4 

0 

2 

2 

Arteriosclerotic dementia 

3 

11 34 15 1 

5 03 0 53 

0 25-8 57 

2 

0 

3 

0 

Dementia praeeo\ 

3 

10 37 10 97 

5 82 6 73 

4 24-4 55 

3 

0 

0 

3 

Alcoholic dementia 

2 

9 7 10 72 

» y j (> tKi 

3 07-4 77 

2 

0 

0 

1 

Mania 

1 

11 46 

5 85 

5 01 

1 

0 

0 

0 

Epilepsi 

t 

10 15 11 2 

5 0 60 

4 15 0 0 

1 

0 

0 

1 

Imbecilitj 

2 

925 96 

4 9-53 

3 95-4 7 

0 

0 

0 


Mental deficiency 

2 

10 3 115 

50 5b 

4 7 57 

2 

0 

0 

1 

Pregnancy 

0 

7 8 -11 59 

4 5 -5 25 

3 1 -6 76 

0 


4 

1 

Vasomotor ataxia 

1 

96 

5 50 

4 04 

1 

0 

0 

1 

P iroxj sra il d^ spnea 

2 

8 2-110 

38 50 

4 4 0 0 

0 

1 

1 

1 

Total (abnormall 

131 

7 0 151 

38 7 75 

1 5 -8 87 

03 

9 


5G 


* Ihe list four columns represent the number of cises m c icli group uith increased and 
decreased diffusible and nondiftusible calcium \aluts 


the lemainder of the seium calcium being nondiftusible The method 
used foi the detei mination of calcium was the Claik-Colhp modification 
of the Kiamei-Tisdall method foi seium calaum The lesults are 
detailed m tables 1 and 2 

COMMENT 

I The figuies m the noimal group aie lemaikably constant The 
j values for spinal fluid calcium coincide with those pieviously reported 

14 Updegraff, H , Greenberg, D jM , and Clark, G W A Stud\ of the 
Distribution of the Diffusible and Nondiffusible Calcium in the Blood Sera of 
Normal Animals, J Biol Chem 71 87, 1926 

15 Clark, E P , and Collip, J B A Study of the Tisdall Method for the 
Determination of Blood Calcium with a Suggested Modification, J Biol Chem 
63 461, 1925 
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toi human beings by Halverson and Beigeim and Pmcus and 
Kiameid^ although they are slightly above the figuies obtained by 
Updegiaff, Greenberg and Claik^^ by ultrafiltiation However, the 
latio of spinal fluid to seium calcium, aveiaging 50 pei cent, is m 
agieement with then figuies for percentages of diffusible calcium In 
twenty-one deteimmations on seventeen different normal peisons, the 
lattei mvestigatoi s found that the vaiiation in nondiffusible calcium was 
twice as gieat as that m the diffusible fi action In this study, the nor- 
mal values aie at vaiiance with this obseivation, the variation m both 
fi actions being piactically identical In the abnoimal gioup, however, 
the variation in nondiffusible calcium was appi oximately twice as great 


Table 2 — The Ratio of Diffusible to Total Set urn CaJcxiim and to 

iVondiffituble Calcinm 





In 

Dc 


In 

De 



Ratio 

creased 

creased 

Ratio 

creased 

creased 

Corrdition 

Cases 

D/T* 

D/T 

D/T 

D/NDt 

D/ND 

D/ND 

Normal 

GS 

A') 53 



82 115 



Pulmonary tuberculosis 

G3 

33 7'C2 5 

13 

11 

50 7 152 

10 

11 

'tstlrma 

2a 

40 8-80 0 

17 

2 

08 9-400 

19 

2 

Mucous colitis 

3 

54 5 50 1 

2 

0 

120 133 

3 

0 

Vasomotor rhinitis 

2 

53 5 57 8 

1 

0 

115 137 

1 

0 

Angioneurotic edema 

Tabes 

1 

07 1 

1 

0 

203 7 

1 

0 

0 

50 5 55 0 

1 

0 

102 115 

1 

0 

Paresis 

5 

45 2 55 3 

1 

0 

82 5-124 

2 

0 

Artenosclerotic dementia 

3 

43 2 48 0 

2 

0 

76 1 05 0 

0 

2 

Dementia piaeco\ 

3 

50 1 01 3 

3 

0 

127-158 

3 

0 

Alcoholic dementia 

2 

55 5-68 3 

2 

0 

124 215 

2 

0 

Mann 

1 

510 

0 

0 

104 

0 

0 

Epilepsy 

4 

45 4 59 0 

1 

0 

81 3 144 

1 

0 

Imbecilitj 

2 

51 0 57 2 

1 

0 

101 134 

I 

0 

Mental deficiency 

2 

50 4 54 0 

0 

0 

101-110 

1 

0 

Pregnancy 

G 

40 9-00 2 

1 

4 

GO 2-151 

1 

2 

Vasomotor ataxia 

1 

57 9 

1 

0 

137 

1 

0 

Paroxjsmal dyspnea 

2 

45 4-40 3 

0 

0 

83 3 SO 3 

0 

0 

Total ( ibnormal) 

131 

35 7 80 0 

47 

19 

50 7-400 

53 

17 


* Ratios c\prcEsed as percent igc D refers to diflusilrlc crlciuin and T to total serum 
calcium 

t ISD refers to nonditlusiblc calciuni 


as in the diffusible That this is not entiiely due to a greatei inde- 
pendent vai lability of the nondiffusible poition is evidenced b} the fact 
that the total seium calcium vaiiation appealed to be moie diiectly 
piopoitional to that in diffusible than m nondiffusible calcium 

Changes in the calcium content of spinal fluid obviously may be due 
to alteiation in one or both of two vaiiable factois, namely, the diff risi- 
bility of the blood calcium, and the peimeability of the cell membiane 
intei posed between the blood stieam and the subaiachnoid system Dis- 
eases of the hi am, coid and meninges, paiticulaily inflammatory and 
vasculai disoideis and conditions causing inci eased intiacianial tension, 
tend to inciease local peimeability This may be determined by the 
inci eased concentiation in the spinal fluid of foieign substances such as 
dyes and biomides aftei their administiation intiavenously It is also 
eridenced b). the inci eased concentiation of ceitam lelatively poorly 
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diffusible constituents of the fluid, such as proteins and dextrose The 
latter substance has been studied by many investigators Crawford and 
I found a condition of hyperglycorrhachia in various nervous and 
mental disorders The decrease m spinal fluid sugar noted commonly 
in meningitis is due, not to decreased permeability but, m all probabiht3 , 
to the gl} colytic action of the leukocytes or bacteria present in the fluid 
m these cases Therefore, the spinal fluid calcium m the twenty-eight 
patients included in the group having nervous and psychiatric disoideis 
in the present study cannot be accepted as representing a condition of 
calcium diffusibihty existing thioughout the tissues, but must be intei- 
preted as being of purely local significance 

The maintenance of the life and activity of cells can be explained 
only on the basis of a ph)^siologic variation in permeability of the cell 
membrane Certain functional states, such as the contraction of muscle 
fibers, are known to be accompanied by increased permeability to elec- 
trolytes Krogh and Harrop have shown that there is a constant 
alteration in capillai}'’ permeability in response to tbe needs of the tissue, 
piobabty dependent on the local accumulation of carbon dioxide, lactic 
acid and other metabolic products This fact is of importance m disease 
states If a condition of general inci eased or deci eased cellular per- 
meability exists, the passage of various poorly diffusible substances 
should be correspondingly altered to some degree Wells expiessed 
the belief that in nephiitis a toxic effect is produced on all cells as well 
as capillaries, resulting in an inciease in permeability Petersen^® found 
abnormal degiees of capillary permeabihtv in vaiious conditions, nota- 
bly pulmonaiy tuberculosis Manwaring,^" as a result of his studies, 
concluded that increased cellulai peimeabihty will eventually be found 
to be the dominant fundamental factor in protein sensitization and 
anaphylaxis 

In the determination of diffusible calcium by aitificial membrane 
methods, this factor of vaiiable cellular peimeabihty is entirely disre- 
gaided, while it is of importance to recognize any alleiation in the dis- 
tiibution of calcium in the blood serum as indicated by its diffusibihty 
thiough a membrane of constant permeability, it is perhaps more 

16 Cra\v ford, B L , and Cantarow, A The Routine Examination of Cere- 
brospinal Fluid, Am J M Sc 171 859, 1926 

17 Krogh, A , and Harrop, G A Some Observations on Stasis and Edema, 
J Physiol Si 125, 1920-1921 

18 Wells, H G iChemical Pathologj', ed 5, Philadelphia, W B Saunders 
Company, 1925, p 387 

19 Petersen, W F The Permeability of the Skin Capillaries in Various 
Clinical Conditions, Arch Int Med 39 19 (Jan ) 1927 

20 iManwarmg, W H , Chilcote, R C , and Hosepian, V M Capillary 
Permeabiht} in Anaphylaxis, J A M A 80 303 (Feb 3) 1923 
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important to know how much calcium has passed through the living mem- 
brane of vaiiable permeability This is paiticularly true in view of the 
important role that calcium plays in the regulation of cellular permea- 
bility The latio of diffusible to nondiffusible, or moie correctly, of 
diffused to nondiffused calcium, is an expiession of the distiibution of 
calcium between the capillaiies and tissues The data presented heie 
appear to be significant, indicating as they do some disturbance of a 
balance which is constant under normal ciicumstances Any attempt 
to interpiet these observations clinically would be beyond the province 
of the present discussion Howevei, it seems notewoithy that of the 
103 patients stiff ei mg with disturbances othei than those affecting the 
brain, coid and meninges, in only fifteen was the latio of diffused to 
nondiffused calcium below noimal, while in foity-two it was above noi- 
mal limits Still moie significant is the fact that m a gioup of dis- 
ordeis piobably lepresenting an identical aberration of cellular function, 
as in the atopic patients, the observations are remarkably constant Of 
the thirty-one subjects m this group only two showed a diminished ratio 
of diffused to nondiffused calcium, while twenty-four showed a distinct 


inci ease 



THE EFFECT OF MECHANICAL CONSTRICTION OF 
THE HEPATIC VEINS 

WITH SPECIAL REFERENCE TO THE COAGULATION OF BLOOD 
W W BRANDES, MD 

CHICAGO 

In 1925, in the laboiatory of the department of pathology of the 
Northwestern Umveisity Medical School, a method Avas devised for 
blocking the outflow of blood from the liver by mechanical constriction 
of the hepatic veins m the dog This procedure permits a temporary 
exclusion of the liver and splanchnic area from the general circulation 
and their return to it at will, and makes possible a study of some of 
the functions of the liver It has advantages ovei the more drastic 
methods formerly employed of removing the liver entiiely," or perma- 
nently shutting it out of the circulation by an Eck fistula ® The trauma 
produced by mechanical constiiction of the hepatic veins is less severe 
It is, however, an acute experiment It must be done under a general 
anesthetic, and observations must be made at shoit intervals during 
constriction, lasting from ten to forty-five minutes — that is, before 
the effects of trauma Aveai off entirely In the experiment with an 
Eck fistula, the animal can be allowed to recover fiom trauma and 
the anesthetic can be dispensed with In this piocedure, howevei, the 
liver cannot be returned to the ciiculation, neither can this be done 
with complete removal Furthermore, with the Eck fistula there is 
always a possibility of a partial or complete reestablishment of the 
circulation in the liver The method of mechanically constricting the 
hepatic veins therefore merits consideration on the giounds that it is 
less severe and permits the study of the eaily changes that occur 
when the liver is removed fiom the circulation and those following 
the return to the circulation of the In'er after temporary removal by 
the constriction 

METHOD 

The method of constiicting the hepatic veins consists of making a 
midline abdominal incision about 4 inches (1016 cm) in length 

Submitted for publication, May 24, 1929 

From the Department of Pathology, Northwestern University Medical 
School 

1 Simonds, J P , and Brandes, W W Effect of Obstruction of the 
Hepatic Veins on the Systemic Circulation, J Physiol 72 320, 1925, Anaphylactic 
Shock and Mechanical Obstruction of the Hepatic Veins m the Dog, J Immunol 
13 1, 1927 

2 Mann, F C Studies in the Physiology of the Liver Technic and 
General Effects of Removal, Am J M Sc 161 37, 1921 

3 Schafer, E A Textbook of Ph 3 '-siology, Edinburgh, J Pentland Young, 
1898, vol 1, p 908 Stern, H Beitrage zur Pathologie der Leber und des 
Icterus, Arch f exper Path u Pharmakol 19 39, 1885 
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Thiough this incision one end of a small-calibered rubber tube is passed 
through the foramen of Winslow The two ends are then passed 
between the lobes of the liver and the paiietal wall and diaphragm, 
over the ventral and anterior surface to the median fissure To place 
the rubber tube in close proximity to the hepatic veins, it is passed 
through peifoiations made in the tiiangulai ligaments when this can 
be done without hemorihage The two ends of the rubber tube are 
finally passed through two holes bored closely together in a small 
wooden block To constiict the hepatic veins, traction is applied to 
the two ends of the rubber tube while, at the same time, the wooden 
block IS pushed downward, the dog being m the supine position The 
use of the block permits a more complete constiiction of the hepatic 
■veins and prevents gieat displacement oi kinking of the inferior vena 
cava which would hinder the i eturn cii dilation in that vessel 

EFFECT OF CONSTRICTION OF THE HEPATIC VEINS 

The anatomic relationship of the hepatic veins varies somewhat m 
dififerent animals In some they are very short, emptying almost imme- 
diately into the inferior vena cava which makes complete constriction 
difficult without kinking the vena cava In others they are longer and 
closely approximated, which is desiied In some dogs the ligaments 
extend to the fiee edge of the lobes of the liver and are nairow 
This makes it difficult to pei f orate them without hemorrhage Geneially 
speaking, it was found that long, lean dogs that had been starved for 
twelve horns weie best suited foi this experiment 

All the experiments reported were peifoimed with the animal under 
complete anesthesia Ether was the anesthetic of choice because it gave 
greater relaxation 

Biiefly stated, the changes^ obseived in the blood following con- 
striction of the hepatic veins by the foiegomg method for varying 
peiiods from ten to thirty minutes and the lelease of the constriction 
are as follows 

Blood Piesswe — There is a precipitate fall in blood pressure 
(carotid artery) of from 40 to 60 mm of mercury The piessure 
quickly i caches its lowest level and remains leasonably constant as 
long as the constriction is maintained On release of the constriction 
the pressure rises to a level usually fiom 10 to 20 mm of mercury 
above its initial value This occurs in from about ten to fifteen seconds 
The rise is followed shortly by a decrease of about 20 mm , after 
which the pressuie rises slightly and maintains a constant level at or 

4 Simoncls, J P , and Brandes, W W Changes m the Blood Resulting 
from Mechanical Obstruction of the Hepatic Veins in the Dog, Am J Physiol 
86 623, 1928 
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near the value of that before constiiction Table 1 shows the aveiage 
of the results from six dogs 

Simultaneously with the fall m arterial pressure that m the portal 
vein rises quickly to about twice the original value, and falls pre- 
cipitately when the obstruction is released and the arterial pressuie rises 

The percentage of fall in arterial pressure langed fiom 26 to 42 
It IS not always possible to state that the obstiuction to the hepatic 
veins IS complete In the dogs m which the fall ranged from 37 5 to 
42 per cent, furthei traction on the rubbei tube failed to reduce the 
blood pressure to any greater extent It may be assumed, then, that 
complete obstruction to the hepatic veins will i educe the systemic blood 
pressure about 40 per cent This does not mean that complete obstruc- 
tion of the hepatic veins will reduce the total volume of circulating 
blood only 40 per cent With the reduction in volume there is a 
compensatory vasoconstriction This is shown by the fact that during 


Table 1 — Changes m Blood Pi cssui c ResuUmg fi om Constriction 



Blood Pressure 

Time o! Obscn'ntion 

Mm Hg 

Before constriction 

125 

2 minutes after constnction 

70 

5 minutes after constnction 

6S 

10 minutes after constnction 

6S 

16 minutes after constnction 

69 

1 minute after release 

140 

5 minutes after release 

130 

10 minutes after release 

125 

13 minutes alter release 

125 


occlusion of the hepatic veins, epinephrine injected intravenously is 
virtually without effect because the peiipheral blood vessels are already 
constricted 

The volume of the blood reaching the heart is one of the most 
important factors influencing blood pressure The marked fall in blood 
pressure during constriction of the hepatic veins is due to the reduction 
m the volume of blood reaching the heart The blood in the liver and 
splanchnic areas is pi evented from leturning to the heart Buiton- 
Opitz ® estimated that the equivalent of the total quantity of blood in 
the body passed through the liver every three minutes At any given 
moment there is a comparatively large volume of blood in this region 
which IS greatly increased when the hepatic veins are constricted, 
since blood can still be forced into this area Impounding such a large 
volume of blood and preventing it from returning to the heart is the 
cause of the low arterial blood pressure 

5 Burton-Opitz, R The Vascularity of the Liver, Quart J Exper Physiol 
3 300, 1910 
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That a compensatoiy vasoconsti iction occurs in consequence of 
heinonhage has been shown® In these experiments a vasoconstriction 
IS also produced ^ The sharp use in blood pressure after release of 
the hepatic veins is piobably not due alone to the delivery of a greatei 
volume of blood to the heart, but also to the fact that the heart now 
delivers a larger volume into a greatly reduced or constiicted vasculai 
bed 

Blood ConcenU ahon — With the method of Lamson and Roca,® it 
was found that in most dogs there was a lapid decrease in the con- 
centration of the blood during the fiist five minutes of constriction of 
the hepatic veins This was followed by a giadual recovery during 
the remainder of the peiiod of constiiction The method used is based 
on determinations of the percentage of hemoglobin, the sample of blood 
taken before constiiction being used as the standaid and its value 


Tablf 2 — CIiangc<! in the Concent) ation of the Blood Resulting fiom Constiiction 


Blood 

Concentration 


Time of Obsen ation per Cent 

Before constriction lOOO 

I minutes after constriction 89 0 

10 minutes after constiiction 95 0 

15 minutes after constriction 98 0 

5 minutes after release 99 9 

10 minutes after release 97 0 

15 minutes after release 97 0 

6 minutes after reconstiiction 89 0 

10 minutes after reconstriction 93 0 

16 minutes after reconstriction 93 0 

5 minutes after release 98 0 


aibitraiily designated as 100 Although not fiee from ciiticism the 
method was considei ed sufficiently accurate to obtain compai ative results 
m these experiments The aveiage of results in six dogs at cor- 
responding inteivals of time is shown m table 2 

The data m table 2 indicate that the blood becomes diluted lather 
quickly after mechanical constriction of the hepatic veins and then 
gradually increases m concentration The increase in the outflow of 
lymph fiom the thoracic duct is a probable factor in the dilution of 
the blood Fluid may enter fiom the tissues, as in low blood pressuie, 
from hemoiihage, tending to lestore the volume of blood® These 
two souices of fluid may account for the dilution of the blood during 
the first five or ten minutes after constriction The explanation for 
the gradual increase in concentration, while the constriction is still 

6 Gesell, R Studies on the Submaxillary Gland IV A Comparison of the 
Effects of Hemorrhage and Tissue Abuse in Relation to Secondary Shock, Am J 
Physiol 47 502, 1919 

7 Simonds and Brandes (footnote 1, first reference) 

8 Lamson, P D , and Roca, J The Liver as a Blood Concentration Organ, 
J Pharmacol & Exper Therap 17 481, 1921 

9 Guthrie, C C Observations in Shock, Am J Physiol 45 544, 1918 
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applied, IS not so simple Three possible sources of red cells ma} 
be concerned 1 Aftei the first few minutes of constriction, the fluid 
fiom the thoracic duct contains some red blood cells 2 A general 
vasoconstriction may force moie cells into the circulating blood stream 
3 The inci eased piessure in the liver may force the constriction and 
deluei into the circulation a small amount of blood highly concentiated 
b}'’ loss of fluid which has escaped from the liver through the thoiacic 
duct 

Changes m the Live) — With mechanical constriction of the hepatic 
veins there is a maiked increase m the size of the liver Its capsule 
becomes tense and its coloi much daikei Cut sui faces aie vei} blood} 
When the constriction is released and the blood pressure rises, there 
IS a diminution in the size of the liver Its capsule becomes less tense 
and the color less dark These changes occui more slowly than do 
those following constiiction 


Table 3 — Changes in the Volunn of Blood Sugai Resulting fiom Conih idioii 



Dextrose, 


Mg per 100 

Time of Observation 

Cc of Blood 

Before constriction 

128 

5 minutes after constriction 

109 

10 minutes after constriction 

101 

15 minutes after constriction 

74 

5 minutes after release 

157 

10 minutes aftei release 

173 

15 minutes after release 

16S 

5 minutes after reeonstriction 

167 

10 minutes after reeonsti iction 

143 

5 minutes afte- release 

147 

10 minutes after release 

157 


The Flotv of Lymph fiom the Thoiacic Duct — The flow of lymph 
from the thoracic duct, while the hepatic veins are constricted, shows 
an increase The average mciease in the number of drops for a 
senes of six dogs was 5 2 times the numbei that escaped before and 
after constriction^® When the constriction is released theie is a sharp 
decrease in the flow of lymph 

Blood Sugai — A surprisingly rapid fall m blood sugar follows 
constriction of the hepatic veins (method of Fohn and Wu) Table 
3 shows the average of results m six dogs 

As soon as the constriction of the hepatic veins is released, the 
blood sugar promptly rises to a level considerably higher than that 
before the veins ^^'ere mechanically’^ constricted In one animal it rose 
to 435 mg per bundled cubic centimeters of blood, the original le\el 

10 Simonds, J P , and Brandes, W W The Effect of Mechanical Obstruc- 
tion of the Hepatic Veins upon the Outflow of Ljmph from the Thoracic Duct, 
J Immunol 13 11, 1927 

11 Folin, O , and Wu, H A Simplified and Improved Method for the 
Determination of Sugar, J Biol Chem 41 367, 1920 
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having been 163 mg Theie was a slightly greater average fall in 
blood siigai in the first ten minutes following the fiist constiiction 
(28 per cent) than m a similar interval after i econstnction (15 pei 
cent) The aveiage maximum fall m fifteen minutes after constiiction 
was 42 pel cent This is considerably moie than can be accounted 
foi by dilution of the blood Although it is not evident m table 3, the 
blood sugar not infiequently leaches a highei level aftei the second 
constriction than aftei the first 

The liver has been legarded as the oigan that contiols the blood 
sugai level, evei since Claude Bernard^- found that blood fioni the 
hepatic veins constantly contained slightly moie sugar than that m 
the portal vein, except dm mg absoiption of food In 1857, he discov- 
eied glycogen and concluded that it was the chief souice of carbohydrate 
material m the body From it comes the dextrose of the blood This 
theory was early upheld by Seegeii^^ and most strenuously objected 
to by Pavy Later it was shown that lemoval of the liver oi the 
shutting off of its blood supply in dogs and in geese was followed 
by either the disappearance oi the marked diminution of the sugar 
of the blood Recently it was shown that removal of the liver is 
followed by a progiessive decrease in blood sugar with which symptoms 
develop that can be relieved by the administration of dextrose 
H 3 'perglycemia occuis after damage to the liver from poisoning with 
chloroform, hydiazine and phosphorus The initial effect of these 
agents is a hypeiglycemia Peptone injected intravenously produces 
changes m the blood sugar and gioss changes in the liver strikingly 
similar to those obtained with mechanical constriction of the hepatic 
veins Ether anesthesia causes a slow, gradual rise in blood sugar 

12 Bernard, Claude Novelle function, du foil, Compt lend Acad d sc 27 
249, 253 and 514, 1848 

13 Seegen, J Die Zuckerbildung im Thierkorper, Arch f d ges Ph 3 '^siol 
50 1, 1891, ibid 51 396, 1891 

14 Pavy, F W The Physiology of Carbohydrates, London, J & A 
Churchill, 1894 

15 Tang], F, and Vaughan, H Beitrage zur Physiologic des Blutzuckers, 
Arch f d ges Physiol 61 551, 1895 Schafer (footnote 3, p 921) 

16 Minkowski, 0 Ueber die Folgen partieller Pankreasextirpation, Arch, 
f e\per Path u Pharmakol 31 85, 1893 

17 Mann, F C , and Magath, T B Blood Sugar Decrease Following 
Hepatectomy, Arch Int Med 30 171 (July) 1922 

18 Bodansky, M The Production of Hypogb^cemia in Experimental Derange- 
ments of the Liver, Am J Physiol 66 375, 1923 

19 Brandes, W W , and Simonds, J P Changes in the Blood Sugar Fol- 
lowing the Injections of Peptone in the Dog, Am J Physiol 86 618, 1928 

20 Epstein, A A , and Aschner, P W The Effect of Surgical Procedures 
on the Blood Sugar Content, J Biol Chem 25 151, 1917 Epstein, A A , Reiss, 
T , and Branower, J The Effect of Surgical Procedures on Blood Sugar and 
Renal Permeability, ibid 26 25, 1918 
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Stimulation of a sensoiy neive, interference with hepatic circulation 
or the administration of certain drugs results m hyperglycemia 
All the foregoing facts indicate that one of the early effects of 
stimulation or irritation of the liver is to cause its glycogen to be changed 
into dextrose, which is liberated into the blood stieam Obstruction 
of the hepatic veins causes a maiked stasis in the liver, as evidenced 
by its gross changes With this there is a local asphyxia and acidosis 
Under the influence of these conditions, the glycogen present is changed 
into dextrose and the sugar of the blood in the liver becomes highly 
concentrated The sugar in the general circulation is used up in 
metabolism and is not replaced as long as the blood from the liver 
IS pi evented from entering the general circulation This will explain 
the decrease in blood sugar while the liver is shut out of the general 
circulation, and the marked increase after i elease, since the blood coming 
from the hvei now is highly concentrated with dextrose The agency 
converting gl3'C0gen into dextrose is believed to be the diastatic enzyme, 
glycogenase, which is present not onl)'' in the liver cell but also in the 
blood and lymph That glycogen can exist in the liver cells in the 
piesence of this powerful enz3'me must be explained by the theory 
that its activities are held in check b3' inhibiting influences, which are 
under nervous or hormone control -- The action of glycogenase is 
extremely susceptbile to changes in for it has been shown that an 
increase in the hydiogen ion concentration of the blood flowing to the 
liver cells excites glycogenolysis That this, however, is the only 
factoi in the process has been questioned 

Changes in the hydrogen ion concentration are commonly observed 
in conditions in which there is also an increase in blood sugar In seveie 
hemorrhage a measurable increase in acidosis has been reported,^® and 
hemorrhage inci eases the blood sugar Carbon monoxide given sub- 
cutaneously causes marked hyperglycemia,^' and sodium bicarbonate, 
sodium carbonate and other alkalis have an inhibitory influence on the 

21 Brunings, W Ein neuer Apparat fur Blutorperchonzahlung, Arch f d 
ges Phjsiol 96 308, 1903 

22 Macleod, J J R , and others Physiology and Biochemistry in Modern 
Medicine, ed 5, St Louis, C V Mosby Company, 1926, p 888 

23 Langfeldt, E Blood Sugar Regulation and Origin of Hyperglycemia, J 
Biol Chem 46 381 and 391, 1921 

24 Tatum, A L Alkaline Reserve Capacity of Whole Blood and Carbo- 
hydrate Mobilization as Affected by Hemorrhages, J Biol Chem ' 41 59, 1920 

25 Crile, G W Studies in Exhaustion V Hemorrhage, Arch Surg 7 
154 (July) 1923 

26 Muhnos, M G Hemorrhage Hypergb-^cemia, Am J Physiol 86 70, 1928 

27 Mikamu, Shago Simultaneous Determinations of Blood Sugar Content 
and the Gas Content and Alkalinity of the Arterial Blood During Carbon 
Monoxide Poisoning, Toholoi J Exper Med 8 237, 1926-1927 
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hypeiglycemia of labbits poisoned with carbon monoxide-® In the 
hypeiglycemia accompanying ether anesthesia there is also an increase 
in hydrogen ion concentiation This increase is supposed to be dependent 
to a large extent on the production of lactic acid " ' 

In the foregoing experiments colorimetric determinations of the 
were made on the plasma The samples of blood were collected, undei 
oil, fiom the jugular vein In all dogs there was a definite decrease in 
the ranging from 0 1 to 0 3, an average decrease of 0 2 The greatest 
changes were appaient after the constriction of the hepatic veins was 
leleased There was also a change m the hydiogen ion concentration 
associated with hyperglycemia 

Coagulahon Twie of the Blood — Duimg constriction of the 
hepatic veins the coagulation time of the blood was definitely decreased 
This was shown by Sabraze’s capillary tube and Biffe’s wire loop 
methods In the former, blood is drawn into capillary tubes , small 
poitions aie broken oflf at regular mteivals until a strand of fibrin 
stretches across the gap This is taken as the end point In the latter 
method the wire loops aie loaded with a film of blood, the loops are 
lowered into distilled water (38 C ) at regulai mteivals When the 
blood does not diffuse out but lemains solid in the loop, coagulation 
has taken place 

With both these methods the normal coagulation time in these dogs 
varied between two minutes and thirty seconds, and four minutes and 
twenty seconds With such a short time for the normal, changes brought 
on by various procedui es do not stand out so plainly The two methods 
gave favorable checks for comparative results in these experiments The 
average results in a series of dogs appear in table 4 

In ordei to avoid the difficulties mentioned, the method of Hayem 
was employed in another series of experiments The jugular vein was 
exposed and covered with petrolatum Two cubic centimeters of blood 
was drawn from this vein into a syringe treated with petrolatum The 
blood was slowly i un into a test tube }i by 3 inches ( 0 9 by 7 6 cm ) 
This was placed in a water bath at 38 C The tube was tilted every 
fifteen oi thirty seconds until it could be inverted without spilling the 
contents This was taken as the end-pomt With this method, several 
points m technic®® were carefully observed (a) The temperature was 
kept constant, (b) the method of obtaining the samples was uniform, 
(c) the amount of foieign contact was the same m each sample, and 

28 McDonell, L, and Underhill, F P Studies on Carbohydrate Metabolism 
XIV Influence of Alkali Administration upon Blood Sugar Content in Relation 
to the Acid-Base Producing Properties of the Diet, J Biol Chem 29 227, 1917 

29 Ronzoni, E , Koechig, I , and Eaton, E P Role of Lactic Acid in the 
Acidosis of Ether Anesthesia, J Biol Chem 61 465, 1924 

30 Addis, T The Coagulation of Blood (Time) m Man, Quart T Exnpr 

Physiol 1 305, 1908 ^ 
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(d) the end-pomt was sharp and indicated appi oximately the same 
degree of coagulation Special care was taken to avoid injury to the 
tissues when the sample was drawn in order to prevent the admixture 
of tissue juice with the drawn blood The average results obtained with 
this method are shown in table 5 

The percentage of eiror in Hayem’s method, as applied in these 
experiments, was determined to be about 10 

From table 5 it is evident that there is a decrease in the coagulation 
time of the blood within fifteen minutes after constriction of the hepatic 
veins With the first methods tins was about 50 per cent, with the 
latter about 25 4 per cent 

Table 4 — Changes m Coagulation Time Resulting fiom Consiiiction, Tested by 
Sabraae’s CapiIIaty Tube and Btffe’s JViie Methods 


Coagulation 


Tune, 

Tune oi Observation Seconds 

Before constnction 206 

5 minutes after constnction 127 

10 minutes after constnction 93 

15 minutes after constriction 93 

5 minutes after release 139 

10 minutes after release 149 

15 minutes after release 159 

5 minutes after reconstnction 103 

10 minutes after reconstnction 91 

5 minutes after release 135 


Table 5 — Changes in Coagulation Time, Accoiding to Method of Hayem 


Coagulation Time 




Time of Observation 

r 

Minutes 

Seconds 

Before constnction 

12 

40 

5 minutes after constriction 

11 

20 

10 minutes after constriction 

10 

SO 

15 minutes after constnction 

9 

15 

5 minutes after release 

10 

50 

10 minutes after release 

12 

10 

15 minutes after release 

13 

0 


An effort was made to determine what other changes might have 
occurred in the blood following constriction of the hepatic veins to 
account for this decrease in the coagulation time 

Blood Fibrin Determinations of blood fibrinogen were made accord- 
ing to the gravimetric method of Foster and Whipple The fibrin was 
precipitated by recalcifying oxalated plasma It was found that 1 cc of 
a 1 per cent solution of sodium oxalate did not prevent coagulation of 
all the samples drawn after the hepatic veins had been constricted One 
cubic centimeter of a 2 per cent solution was then used as the anticoagu- 

31 Foster, D P , and Whipple, G H An Accurate Method for the Quan- 
titative Analysis of Blood Fibrin in Small Amounts, Am J Physiol 22 58, 1921 
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]ant The fibnn values, expressed in milligrams per hundied cubic centi- 
meters of blood, were calculated by Gram’s formula 

Total o.valated blood — total volume cells fibnn %n 2 cc oxalated 
plasma, 100 — Total oxalated blood — ^volume oxalate solution X 2 equals 
milligrams of fibrin in 100 cc of blood The average of results obtained 
in a series of six dogs is shown in table 6 

There is a deciease of slightly over 10 pel cent m fibrinogen after 
the hepatic veins are constricted The decrease is no greater than what 
can be accounted for by dilution of the blood The lelease aftei constiic- 
tion of fifteen minutes or more is followed by a definite increase (21 per 
cent) m fibrinogen value 

Various organs have been consideied as the site of the formation of 
fibiinogen Brown-Sequard,®® Dastre,®* Matthews^® and others con- 
cluded that it was formed in the intestines Doyon and Gautier decided 
that the intestines, while not essential to its production, contributed to 
its formation The lungs and skin have been considered as its seat 
of origin The decreased coagulability of the blood in phosphorus and 
chloroform poisoning has been shown to be due to the disappeai ance of 


Table 6 — DeteinnnaUons of Blood Ftbrmogeji Befoie and Aftei ConstiicUon 



Mg , per 

Time of Observation 

100 Oc 

Before constriction 

2S0 

10 to 15 minutes after constriction 

250 

5 minutes after constriction 

340 


fibrinogen In animals with an Eck fistula the fibrinogen in the blood was 
found to disappear rapidly and there was no regeneration Total 

32 Gram, H C A New Method for the Determination of Fibrin Percentage 
in Blood and Plasma, J Biol Chem 49 279, 1921 

33 Brown-Sequard, E Sur des faits que semblent montrer que plusieurs 
kilogrammes de fibnne se forment et se transforment, chaque jour, dans le corps 
de I’homme, et sur le siege de cette production et de cette transformation, J de 
phj^siol et de path gen 1 298, 1858 

34 Dastre, A Contribution a I’etude de revolution du fibnnogene dans le 
sang, Arch de Physiol 5 327, 1893 

35 Matthews, A The Origin of Fibrinogen, Am J Physiol 3 53, 1899 

36 Doyon, M , and Gautier, C Sur le role de I’lntestme dans la fibrmogenese, 
J de physiol et de path gen 9 405, 1907 

37 Conn, G , and Ansiaux, G Untersuchungen uber Phosphorvergiftung, 
Vrtijschr f genchtl Med 7 80, 1894 Jacoby, M Ueber die Beziehungen der 
Leber und Blutveranderungen bei Phosphorvergiftung zur Autolyze, Ztschr f 
Physiol Chem 30 174, 1906 

38 Doyon, M Incoagulabilite du sang provoquee par le chloroform , role du 
foie, Compt rend Soc de biol 58 30, 1905 Whipple, G H , and Hurwitz, S H 
Fibrinogen of the Blood as Influenced by Liver Necrosis of Chloroform Poisoning 
J Exper Med 8 136, 1911 

39 Meek, W J Relation of the Liver to the Fibrinogen Content of the 
Blood, Am J Phjsiol 30 161, 1912 
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removal of the liver causes a progressive decrease in fibrinogen^® 
Diseases of the hv’^er m which there is destruction of parenchyma are 
associated with deciease in fibrogen The evidence from the litera- 
ture that fibrinogen is foimed solely m the liver is, thus, quite convincing 
In the present experiments performed the increase in fibiinogen aftei 
release of the hepatic veins can be assumed to be due to -a stimulation 
of the liver by the stasis, to inci eased formation of fibrinogen, or to the 
accumulation in the hepatic blood of fibrinogen formed at a normal 
rate In either case an excess is set free in the blood after the constric- 
tion IS released The decrease during constriction was slight and can 
be explained on the basis of dilution alone The change in coagulation 
time cannot be satisfactorily explained on the basis of the fibrinogen 
factor, at least not on the changes in quantity of this element 

The theory has been advanced that blood proteins constitute merely 
a continuous series of disintegration products of tissue proteins, of which 
the first step is the least dispersed of the blood proteins, fibrinogen *- 
This theoiy accounts well for the increase in fibrinogen content with 
injury to the tissues Applying it to the foregoing observations, one 
would expect a heightened coagulability of the blood when blood which 
had stagnated in the liver and splanchnic regions was returned to the 
circulation 

Blood Platelets Blood platelet counts weie made before and after 
constriction and release of the hepatic veins, by the method of Spitz 
The av^-erages of results are given in table 7 

The platelets during constiiction of the hepatic veins show a decrease 
of about 24 per cent A decrease in these elements would be expected 
as a result of dilution of blood following the sudden withdrawal of such 
a large volume of blood from the general circulation The table shows 
but a slight increase in number of platelets after release of the constric- 
tion If the blood impounded in the liver contained the normal number 
of these elements, a greater rise, perhaps, might be expected after releas- 
ing this blood Man}'- of the platelets in this area probably disintegrate 
during the period of constriction as a result of stasis Changes in the 
may also be factors in their disintegration 

It IS as yet unsettled just what part the platelets play in the process 
of coagulation In thrombosis it has often been observed that fibrin is 

40 McMaster, P D, and Druo, D R The Source of Fibrinogen, Proc 
Soc Exper Biol & Med 26 490, 1929 

41 Isaac-Krieger, K, and Hiege, A, Der Fibnnogengehalt des Blutes bci 
Leberkrankungen, Klin Wchnschr 2 1067, 1923 

42 Hertzfield and Klinger Biochem Ztschr 83 43, 1917, cited by Wells, 
H G Chemical Pathology, ed 5, Philadelphia, W B Saunders Company, 1925, 
p 350 Starlinger, W , and Frisch, A Chemisch-Physikahsche Blutunter- 
suchungen zur Frage der Protoplasmaaktioaung, Ztschr f d ges exper Med 
24 143, 1921 

43 Thomsen, O , cited bj' Reiman, H A The Blood Platelets in Pneumo- 
coccus Infection, J Exper Med 40 553, 1924 
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first formed about masses of platelets clinging to the wall of the vessel 
This indicates that they take pait m the piocess Howell and others 
stated their belief that they give rise to thi omboplastic substances, cepha- 
hn which neutralizes antithrombin They aie considered more important 
than the leukocytes in producing substances that paiticipate m the 
coagulating mechanism It is also stated that platelet counts below 
100,000 111 the human being are geneially accompanied by a tendency to 
bleed Tait and Gieeii-^^ stated that the thrombocytes of the frog 
are essential to the initiation of the clotting mechanism Tait and 
Burke obseived that deplateletized maminalian blood does not clot on 
contact with foreign matter They concluded that platelets are essential 
to the process Mills show'ed that platelets contain tissue fibrinogen 
The lesults of the experiments reported do not give definite evidence 
of the idle of platelets in the process of coagulation There is a decrease 
111 number during constriction of the hepatic veins that is also associated 
wnth a decrease in coagulation tune This deci ease m platelets, however, 
IS not marked, and there is no evidence that it is due to disintegration of 


Table 7 — Blood Platelet Counts Befoie and Aftei Constiictwn of the 

Hepatic Veins 



Platelets 

Time of Observation 

per Ou. Mm 

Before constnction 

292,800 

10 to 15 minutes after constnction 

220,320 

10 to 15 minutes after release 

235,400 


platelets m the general circulation It seems more piobable that it is 
due to marked changes in the volume of blood 

It was frequently noted that the coagulation time taken immediately 
aftei release of the constriction of the hepatic veins was noticeably short- 
ened beyond what it was during constriction The platelets increased 
only slightly on release It may be assumed that platelets disintegrated 
m the area of blood stasis After release of the constriction there is 
also an increase in fibrin These factors would tend to increase the 

44 Howell, W H Textbook of Ph 3 siology, ed 10, Philadelphia, W B 
Saunders Companj^, 1927, p 468 

45 Bordet, J , and Delange, L La coagulation du sang et la genese de la 
thrombine, Ann de I’lnst Pasteur 26 657, 1912, Bull Johns Hopkins Hosp 32 
213, 1921 

46 Gram, H C On the Platelet Count and Bleeding Time in Diseases of 
the Blood, Arch Int Med 25 325 (March) 1920 

47 Tait, J , and Green, F The Spindle Cell in Relation to Coagulation of 
the Frog’s Blood, Quart J Exper Physiol 16 141, 1926 

48 Tait, J , and Burke, H E Platelets and Blood Coagulation, Quart J 
Exper Physiol 16 129, 1926 

49 IMills, C A The Role of the Platelets on Blood Clotting, Chinese T 
PI 13 S 10 I 1 235, 1925 
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coagulability This tendency is shortly replaced by prolongation of the 
coagulation time 

Blood Calcium Ionized calcium (Sabbatini) is essential to coagula- 
tion, since blood from which calcium has been precipitated does not 
clot The mechanism of its action has not been agi eed on Pekelhanng, 
Harmmarsten and Morawitz thought it necessary for the transforma- 
tion of prothrombin into thrombin Howell expressed the belief that 
calcium activates prothrombin whenever it is not inhibited by 
antithrombm 

In the foregoing experiments, the method of Kramer and Tisdall 
being used for the determination of blood calcium, the results were as 
given m table 8 

These results show that there is a decrease of about 15 per cent in 
the calcium of the blood during constiiction This parallels the change 
111 the concentration of the blood and can be explained on a basis of 
dilution of the blood Hence, changes in this factor can hardly be con- 
sidered sufficient to account for the changes m coagulability of the 
blood 


Table 8 — Detcnutnations of Blood Calcnini Befoie and Affei ConstucUon 



Mg’, per 


100 Ce 

Time of Observation 

of Blood 

Before constriction 

10 5 

10 to 15 minutes after constnction 

88 

10 to 15 minutes after release 

90 


In order to determine the effect of dilution on the coagulation time, 
0 85 per cent sodium chloride solution was injected intravenously in 
quantities sufficient to dilute the blood from 10 to 30 per cent Before 
injection the coagulation time averaged eleven minutes and ten seconds, 
from five to ten minutes after, it averaged ten minutes and fifty seconds 
Mere dilution, therefore, causes practically no change m the coagulation 
time In animals that were first bled from 50 to 100 cc and then were 
given an injection of an equal volume of physiologic solution of sodium 
chloride there was a decrease in coagulation time of 26 per cent within 
ten minutes By this procedure a marked dilution of the blood was 
produced, but there was also the added feature of hemonhage 

Clamping of the inferior vena cava above the entrance of the level 
of the renal veins caused practicall)'^ no change m coagulation time during 
the first five minutes After ten minutes a slight decrease, an average of 
11 per cent, was noted This decrease is small and can be considered 

50 Pekelhanng, Harmmarsten and Morawitz, cited bv Wells Chemical 
Pathology, p 352 

51 Howell (footnote 44, p 466) 

52 Kramer, B , and Tisdall, F F Method of Determining Blood Calcium, I 
Biol Chem 47 475, 1921 , ibid 48 233, 1921 
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within the lange of expei imental erroi Clamping of the iiiferioi vena 
cava at the aforesaid level lemoves a laige volume of blood from the 
circulation While this does not equal the volume withheld when the 
hepatic veins aie occluded, these experiments indicate that the mere 
removal of a volume of blood from the circulation is not the only factoi 
in decreasing the coagulation time under the conditions of these 
experiments 

In a limited numbei of animals the of the blood fiom the jugulai 
vein was determined In each case there was a definite deciease Fur- 
ther woik, howevei, is being earned out on this and on the caibon 
dioxide, piothrombin and antithrombin factois^^ 

COMMENT 

Seveial factoi s suggest themselves as possibly concerned m the 
definite decrease in coagulation time duiiiig mechanical constriction of 
the hepatic veins 

1 The effect of tiaunia may be consideied It is believed by some 
wiiteis that tiauma in itself does not affect the coagulation time®® In 
the expel iments cited, this was shown not to be the only factor, in the 
following way The animals were anesthetized and, after all operative 
trauma had been committed, the coagulation time was allowed to become 
stabilized duiing the following thirty or sixty minutes Constiiction of 
the hepatic veins at this time caused a definite decrease in coagulation 
time It is evident, theiefoie, that constriction alone causes a change 

2 Coagulation time is gradually shoitened during ether anesthesia 
This IS said to occui within the fiist fifteen minutes after induction and 
IS believed to be the result of an outpouring of epinephrine The liver 
IS regal ded as essential to the action of epmephi me m increasing coagula- 
bility of the blood It is stimulated by this agent to inci eased production 
of piothrombin ®® A possible excess of epinephrine will not explain the 
decreased coagulation time in these experiments because the liver was 
excluded from the ciiculation Hemoirhage has been reported to cause 
an increased output of epmephi me Aftei suprarenalectomy, however, 
hemorrhage will decrease the coagulation time,®® and double adrenalec- 

53 Rabinovich, M Coagulation Time of the Blood During Anesthesia, Brit 
J Exper Path 8 343, 1927 

54 Cannon, W B The Emergency Function of the Adrenal Medulla in Pam 
and the Major Emotions, Am J Physiol 33 357, 1913 Cannon, W B , and 
Mendelhall, W L Pam and Emotional Disturbances of Coagulation Time, Am J 
Physiol M 251, 1914 

55 Grahfield, G P Factors Affecting the Coagulation Time of the Blood 
IX The Effect of Adrenin on the Factors of Coagulation, Am J Ph 3 'siol 42 46, 
1917 

56 Hirochi, Tachi Simultaneous Determinations of the Epinephrine Liberation 
and the Sugar Content and the Coagulation Time of the Blood in Non-Anes- 
thetized, Non-Fasted Dogs After Hemorrhage, Tohoku J Exper Med 11 ^^05 
1928 
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tomy in cats has been found progressively to decrease the coagulation 
time 

3 Changes in the concentration of blood sugai aie frequently found 
associated with changes m the coagulation time of the blood It has 
been thought that this might be a possible cause, mdiiectly, by stimulating 
the liver to the production of more fibrinogen Cannon, however, 
showed that injection of sugar alone has no effect on coagulation time In 
the foregoing experiments also the decrease in coagulation time occurred 
during constriction when there was a definite hypoglycemia, and 
inci eased after release of constriction of the hepatic veins when the blood 
sugai level was at its highest point 

4 Changes in the concentiation of the blood may cause changes in 
the coagulation time When blood becomes more dilute the bodies con- 
cerned m coagulation are also diluted, which should cause an increase in 
coagulation time unless there is an excess of coagulating factors in the 
blood or unless dilution affects those bodies which inhibit coagulation 
more than it affects those which cause clotting If this is the case a 
considerable degree of dilution may occur befoie there is a noticeable 
effect on coagulation, or dilution of anticoagulant factors may even 
shorten the coagulation time The gieatest dilution occurred shoitly 
after the hepatic veins were constricted The coagulation time became 
shorter at the same time or slightly latei It is possible that lymph from 
the thoracic duct, which is greatly increased during constriction, may 
cany coagulating factors to the blood A definite impiession was gamed 
that Ijmph collected during the peiiod of constriction clotted with greater 
1 apidity and more firmly than that collected before constriction Dilution 
of the blood, and, thus, of the factors concerned in coagulation by the 
intravenous injection of a volume of physiologic solution of sodium 
chloride equal to 30 per cent of the total volume of the blood, caused 
piactically no change in coagulation time 

5 Conditions that cause changes m coagulation are also associated 
with changes in In ether anesthesia theie is a definite decrease in 

as well as a decrease of the coagulation time of the blood The carbon 
dioxide capacity of the plasma decreased 36 9 per cent m two hours of 
ethei anesthesia The injection of a weak acid into dogs caused a 

57 Barlow, 0 W , and Ellis, M M Effect of Double Adrenalectomy on the 
Coagulation Time in Cats, Am J Physiol 70 58, 1924 

58 Partoo, A , and Svee, F Gesetzmuziger zuzammenhang zwischen Blut- 
zucker Gehalt und Blut, Deutsche med Wchnschr 53 1857, 1927 

59 Van Slj'ke, D D , Austin, J H , and Cullen, G E The Effect of Ether 
Anesthesia on the Acid-Base Balance of the Blood, J Biol Chem 53 277, 1922 

60 Atkinson, H V, and Ets, H N Chemical Changes of the Blood Under 
the Influence of Drugs, J Biol Chem 52 5, 1922 
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reduction of the alkali reseive to a low level At the same time there 
was a shortening of coagulation time Injection of an alkaline solution 
af the same strength, aftei the acid had been injected, caused a rise in 
alkali reserve and a lengthening of the coagulation time Fibrinogen, 
the piectirsor of fibrin which is the basic element of a blood clot, is 
piesent m the plasma as a dispersed colloid In the process of clotting, 
fibimogen (hydrosol) is changed into fibrin (hydrogol) Electromatnc 
fibi ation has determined the iso-electnc point of fibrin to be 5 5 The 
iso-electric point of blood, that is, the hydrogen ion concentration at 
which blood coagulates, is about 46*^® Clotting of rabbit’s plasma 
has been found to be accompanied by a sudden but slight diminution of 
its alkalinity 

In the experiments described there was a definite deciease in the 
/)” and alkali reserve during constriction of the hepatic veins It is not 
known whether variations m affect coagulating factois moie than 
anticoagulating factors In the foiegomg experiments, howevei, the 
coagulation time increased after release of the hepatic veins, the period 
when the was lowest This suggests that possibly there was present 
111 the blood an anticoagulant factor of hepatic origin either formed by the 
liver or produced as a result of possible injury to the liver This would 
be in hai mony with the theory of Howell Thei e is no satisfactory 
method for a quantitative determination of heparin m the blood and, 
considering that it has proved to be a carbohydrate body and probably 
a glycuronic acid, there is little piobabihty that a method of this kind 
can be devised It may be argued that antithrombm is present in the 
lilood and in fifteen minutes’ time does not change sufficiently to cause 
alteiations m coagulation time The anticoagulant action of heparin, 
however, has been shown to wear off rapidly m vitro and when injected 
into dogs 

61 Mills, C A The Action of Tissue Extracts in the Coagulation of the 
Blood, J Biol Cliem 46 167, 1920 

62 Nordbo, R Zur physikahschen Chemie des Fibrinogen, Biochem Ztschr 
191 ISO, 1927 

63 Alexander, J Colloid Chemistry, Theoretical and Applied, New York, 
Chemical Catalog Company, 1928, vol 2, p 425 

64 Hirsch, E F Changes in Hydrogen Ion Concentration of the Blood with 
Coagulation, J Biol Chem 61 795, 1924 

65 Howell, W H Two New Factors in Blood Coagulation Heparin and 
Pro- Antithrombm, Am J Physiol 47 328, 1917, The Purification of Heparin 
and Its Presence in Blood, ibid 71 553, 1925 

66 Howell, W H Personal communication to the author 

67 Gross, P Duration of Anticoagulant Action on Heparin in Vivo in 
Relation to Dosage, Proc Soc Exper Biol & A(^ed 26 383, 1929 

68 Shionoya, Takuji Studies in Experimental Extra-Corporeal Thrombosis 
III Effects of Certain Anticoagulants (Heparin and Hirudin) in Extracorporeal 
Thrombosis and on the Mechanism of Thrombus Formation, J Exper Med 46 
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In brief, the factors Avhich seem to be most concerned m the changes 
m coagulation time in these expeiiments are as follows (a) A disinte- 
gi ation of platelets occurs which would give rise to more tissue fibrinogen 
(Mills), cephahn (Howell) and thrombokmase (Morawitz) This 
factor would not explain the inciease in coagulation time after release 
of the constriction (Zi) Changes m the hydrogen ion concentration are 
in the direction of changes associated with conditions in which the coag- 
ulation time IS decreased (c) Changes take place in the anticoagulant 
element (heparin) which would explain both the decrease in coagulation 
time during constriction of the hepatic veins and the inci ease in coagula- 
tion time after release of the constriction 

SUMMARY 

1 A method of mechanically constricting the hepatic veins in the 
dog has been described This procedure permits a study of changes 
occurring in the blood following removal of the liver from, and its 
return to, the circulation 

2 Following this constriction there is a piecipitate fall m blood pres- 
sure of from 40 to 60 mm of mercury, a level which is then maintained 
reasonably constant for twenty minutes or more 

3 A decrease in the concentration of the blood (an average of 11 
per cent in six dogs) with a gradual increase m concentration occur 
until, at the end of fifteen minutes, the normal value is approximate!) 
reached 

4 A lapid decrease in blood sugar (average of 42 per cent) is 
obtained during constriction for fifteen minutes with a rapid rise after 
1 el ease 

5 A definite deciease in coagulation time of from 25 to 50 per cent 
IS obseived during constriction, followed by an increase on release 

6 There was a slight decrease of fibrinogen (11 per cent) during 
constriction and a definite increase of 25 per cent or more on release of 
constriction 

7 The platelets were slightly decreased (15 per cent) during con- 
striction with slight change on release 

8 Changes in blood calcium can be accounted for by dilution 

9 The experimental results reported indicate that the chief factors, 
the interaction of which is concerned in the changes in coagulation tune 
during and after constriction of the hepatic veins, are (a) alterations 
in antithrombm (heparin) content, (b) increase m the hydrogen ion 
concentration, and (c) numerical changes in platelets 
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IX WATER BALANCE STUDIES DURING THE ADMINISTRATION 
AND THE WITHDRAWAL OF MORPHINE 

ARTHUR B LIGHT, MD 

AND 

EDWARD G TORRANCE, MD 

PHILADELPHIA 

Abiupt withdiawal of moiphine fiom human addicts is piactically 
always associated with loss of weight during the manifestation of the 
so-called “withdiawal symptoms” During this peiiod, the addicts 
mvaiiably lefuse to take any nourishment, their water intake is prac- 
ticall}^ negligible and increased perspiration is noted It is the object 
in this papei to repoit the results of our studies of water balance m 
five addicts, as well as in three normal persons, given the same diet, 
in 01 del to determine whether the loss of weight is due entirely to 
inanition, or m part to an additional loss of water as the lesult of 
inci eased metabolism 

METHODS 

Water balance was estimated bj' the method of difference of weight The diet 
employed consisted of a modified Folin* diet prepared each morning, the ingre- 
dients used being eggs, whole milk, cream, malted milk, coffee, vanilla, Welch’s 
grape juice and sugar, as well as 7 Gm of salt and 25 Gm of candy, m addition 
to water These substances were prepared in various combinations, and adminis- 
tered m the same quantities, at the same hour each day, throughout the experi- 
ment The normal subjects, first-year medical students in the School of Medicine 
of the University of Pennsylvania, who were taking their final examinations in 
anatomy and chemistry, were able to continue this regimen throughout the seven 
daj^s of the experiments The addicts succeeded in retaining all food administered 
while they were receiving their drug Only two, however, accepted and retained 
the food during the forty-eight hour withdrawal of morphine, and one of these 
refused the additional water that was included in the day’s proffer of food and 
drink In the table is given the number of calories administered per dav together 
with the amounts of protein, carbohydrate and fat from which the caloric intake 
was calculated" 


Submitted for publication. Sept 13, 1929 

From the Narcotic Wards of the Philadelphia General Hospital 

' The expenses of this research were defrayed by the Committee on Drug 
Addictions, New York City, and the studies were carried out under the guidance 
of the Philadelphia Committee for the Clinical Study of Opium Addiction, in the 
wards of the Philadelphia General Hospital, which were placed at our disposal 
through the courtesy of the Director of Public Health, City of Philadelphia 

1 Folin, Otto Approximately Complete Analyses of Thirty Normal Urines, 
Am J Physiol 13 44, 1905 

2 Lusk, Graham The Elements of the Science of Nutrition, Philadelphia, 
W B Saunders Compaii}, 1923, p 42 
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The subjects were weighed exactl> at 9 o’clock each morning, on a silk scale 
of the type proposed by Benedict and Root,’ the scale weighing accurately to within 
10 Gm The subjects were required to remove all clothing following the weigh- 
ing, the clothing then being weighed separately and deducted from the total weight 
obtained Before being weighed, all subjects were required to pass their urine 
and defecate if possible The last administration of a food mixture was given 
at 3 a m , the last administration of water, at 6 a m Dietetic scales were used 
to measure to within a gram the amount of food and water taken 

All urine, feces, vomitus and blood were collected and weighed on a scale in 
the ward, with an accuracj' of within 1 Gm The total collections were again 
reweighed in the laboratory as a check on the amounts obtained in the ward 
Toluene was used to preserve the urine 

The Kjehldahl method was used for the determination of the amount of 
nitrogen in the urine and dried feces The amount of uric acid of the urine was 
determined bv the method of Benedict and Franke* The Fohn colorimetric 
method’ was used to determine the amount of creatinine of the urine We are 
indebted to Austin and Sunderman® for the method of calculating the water 
balance 

Throughout this study we have made an arbitrary allowance for maximal 
error for each measurement and estimate This allowance for error is designated 
m text and table by the symbol ± and must not be confused with probable error 
or other statistical function 

Calcnlatton of Watci Balance 
Measured intake (grams) 

(1) I = (food + beverage -t- enema in grams) ± 2 per cent 
Measured intake of water (grams) 

(2) Wi= (water of food estimated from tables [but not the water of 
oxidation] beverage -j- enema) ± 2 per cent 

Water of oxidation of food intake (grams) 

(3) Wot I = (0 413 Pi A- 0 555 Ci 1 071 Fi) ± 2 per cent in which Pi, 
Cl and Fi are the grams of protein, carbohydrate and fat m the intake 
The amount of water formed by oxidation is taken from Magnus- 
Levy’s calculations that 100 Gm of protein give 41 3 Gm of water, 
100 Gm of carbohydrate give 55 5 Gm of water and 100 Gm of fat 
give 107 1 Gm of water 

Total water intake (grams) 

(4) Wti=:Wi-kW„x, 

Measured output (grams) 

(5) 0= (urine -}- feces -f- sputum -f blood lemoved) ± 2 per cent 
Measured water output (grams) 

(6) Wo= (Wu -f- Wtcc -|- Wsp -p Wbi) ± 2 per cent 
Dally change in weight (grams) 

3 Benedict, F G , and Root, H L Insensible Perspiration I Its Relation 
to Human Physiology and Pathology, Arch Int Med 38 1 (July) 1926 

4 Benedict, S R , and Franke, Elizabeth A Method for the Direct Deter- 
mination of Uric Acid in Urine, J Biol Chem 52 387, 1922 

5 Folin, Otto Beitrag zur Chemie der Kreatinms und Kreatins im Harne, 
Ztschr f phys Chem 41 223, 1904 

6 Austin, J H, and Sunderman, F W Water Metabolism in Pneumonia, 
to be published 
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(7) A Wt= (initial weight — final weight) ± 20 Gm for the period In 
the estimation of mean increment per day, this allowance for error is 
divided by the number of days in the period 

Weight loss through skin and lungs (grams) . 

(8) — AWtsl — AWt— (O— I) 

Weight loss due to excess of CO 2 in grams oxer O 2 in grams 

(9) {C0,-0.)=7S±7S 

This range is taken as sufficiently inclusix'c to cover any reasonable 
variation in total metabolism and respiiatory quotient 

Water loss through skin and lungs, neglecting the solids of the sweat, xvhich 
are assumed to be less than 0 5 per cent of the water loss (grams) 

(10) Ws I =: ( — AWtsl — [CO 2 — O 2 ]) ± error (table mav be seen 
here) 

Total xvater output (grams) 

(11) W* o = (Wo -f W, 1 ) ± error (table) 

Absolute daily xvater balance 

(12) WBaht,, = (W, I — Wt o ) ± error (table) 

RESULTS 

Examination of the table giving the data lelative to the watei 
metabolism shows 

1 The three controls and all the addicts, except addict 3, weie m 
water balance within our allowance for erior m their first periods, 
while receiving the drug Addict 3 m the first peiiod, while recen- 
mg the diug, suffered a water loss 

2 During the two or three days of withdrawal of morphine, a 
definite and usually great negative water balance occurred This 
occurred in two subjects, addicts 1 and 2, without diminution 111 the 
intake of food, although m the latter diminution m fluid intake 
accounted foi half of the loss Both, however, showed inci eased watei 
output In the other three subjects, the diminished intake of food 
and water was the outstanding feature and it gave rise to a negative 
watei balance m spite of some diminution m the water excretion 

3 In the final periods during which the three addicts were studied, 
after resumption of the diug, the food and water intake was approxi- 
mately as 111 the first period In two, addict 4 and addict 5, theie was 
definite water retention, in neither addict 1 nor addict 4, howevei, 
did it 111 three days compensate for the previous loss 

4 When the water loss from skin and lungs is consideied as a 
fraction of the total water loss through skin, lungs and urine, two 
addicts, nos 1 and 3, exhibited initially a high loss of water through 
skin and lungs as compared with the controls One can also recog- 
nize 111 three of the addicts, nos 2, 4 and 5, a relatively greater loss 
thiough the skin and lungs dm mg the withdrawal period 
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Chart I — Grapliic representation of the daily intake of food, change in weight, 
urine output and invisible water loss of control 2 The ordinates represent grams 



Chart 2 Graphic representation of the daily intake of food, change in u eight, 
urine output and insensible water loss of addict 1 The ordinates represent grams 
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The explanation of this disturbance in the water balance during 
the period of withdrawal, had we only the data on addicts 3, 4 and 5, 
would naturally be the loss of water associated with inanition This 
explanation hardly serves for the loss m addicts 1 and 2, unless we 
postulate an increased metabolism in these subjects during withdrawal 
That such may well be the case seems not wholly improbable in view 
of the restlessness and nervousness of the individual patient during 
the withdrawal of the drug 

The output of nitrogen, as shown in the shoit periods studied, 
showed little or no change even when duiiiig the two daj^s of with- 
drawal of morphine the food intake was curtailed The output of 
uric acid shows m both addicts whose food intake during withdrawal 
was maintained, a definite rise 

All addicts during the first twenty-four hours of withdrawal showed 
a relative increase in the output of urine followed by a decided fall 
during the second twenty-four hours of this period Water loss through 
skin and lungs, on the other hand, showed a relative increase during 
the second twenty-foui hours compared with that duiing the initial 
twenty-four hours of withdrawal 

COMMENT 

Fiom the data available one can recognize a loss of weight and 
water during withdrawal The tendency in three of the subjects to 
reduce the intake of food and fluid during the withdrawal period was 
undoubtedly a major factor m bringing this about In two other sub- 
jects, whose food intake remained the same, the loss of weight was 
possibly an evidence of increased metabolism which may have had 
no further cause than the nervous lestlessness of the individual patient 
at this time That there was any moie specific effect of the withdrawal 
of the drug on the water metaliohsm seems from the data obtained 
unlikely, but it cannot be absolutely excluded To attempt a further 
answer by a stud)'- of withdrawal with the addict on a much higher 
level of caloiic intake seems hopeless because of the aversion during 
withdrawal to even the moderate diet used in this study 

A marked increase in excretion of uric acid detected m addicts 1 
and 2 with a constant diet is noted in the table All other addicts who 
served as subjects failed to maintain this constant intake Studies of 
the uric acid of the blood in four other cases during withdrawal, how- 
ever, failed to show any significant changes Schubel ’’ found an 
increased elimination of purine base and phosphoric acid during abrupt 
withdrawal in dogs, and attributed this to a sudden alteration in the 

7 Schubel, Konrad Stoffwechselversuche an Hunden wahrend der Gewoh- 
nung an Morphin und wahrend des Morphinhungers, Arch f exper Path u 
Pharmakol 88 1, 1920 
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central ncivous system which he claimed took place following with- 
drawal of the drug Solher ® attributed the symptoms accompanying 
withdrawal to marked alterations brought about m glands, particularly 
the endothelial cells, when morphine is no longer given 

The medical students who acted as noimal subjects in these expeii- 
ments were selected with a knowledge of then tendency to worrj dur- 
ing examination It is significant to know that these men retained 
their normal weight throughout the expeiiment, and failed to show 
a negative water balance or any increase m frequency or amount of 
111 me on the two days on which the final examinations weie given 

CONCLUSIONS 

Abiupt withdrawal of morphine in a series of human addicts to 
opium lesulted in a negative water balance and, in two of these subjects, 
an increased elimination of uiic acid The negative watei balance was 
most likely due to failure to take sufficient food and watei, although 
incieased loss of water fiom increased metabolism cannot be entiiely 
excluded, paiticularly in view of the restlessness of these subjects din- 
ing withdiawal 

The control subjects, three medical students taking their first year 
final examinations, failed to show a negative watei balance, any inciease 
111 fiequency of uiination or in twenty-four hour output, or any loss 
of weight on the days of the final examinations 


8 Solher, P La cleniorphinisation Mecanisme physiologique Conse- 
quences au point de vue therapeutique, Presse med , April 23 and July 8, 1898 



HEPATOGENIC HYPOGLYCEMIA ASSOCIATED WITH 
PRIMARY LIVER CELL CARCINOMA > 

WALTER H NADLER, M D 

AND 

JOHN A WOLFER, MD 

CHICAGO 

Deficient liver function has been assumed in certain cases of spon- 
taneous hypoglycemia, but no proved examples of hepatic origin 
comparable with those appaiently due to hypennsulinism have been 
reported The liver appears to be able to maintain an adequate blood 
sugar level in spite of widespread injury Although complete removal 
IS followed experimentally by a progressive fall in blood sugar, no 
marked change in carbohydrate metabolism has been obseived after 
partial removal The following case of hypogl} cemia, appaiently of 
hepatogenic type, is, theiefoie, of interest 

REPORT or CASE 

N W , a colored man, a native of Honduras, aged 30, was admitted to the 
hospital for an exploratory laparotomy on July 6, 1928 He had been in good 
health prior to January, 1928, when he began to lose weight In Afay, weakness 
was apparent, in June, he was seized with intense epigastric pain after eating 
The pain decreased after an hour but a dull ache persisted for a week, there 
was no nausea or vomiting Thereafter he had an occasional dull pain after 
meals and irregular periods of slight fever On July 9, operation showed a hard, 
nodular mass the size of a large orange in the left lobe of the liver, a similar 
mass, the size of a walnut, was present in the right lobe The pancreas, stomach, 
duodenum, gallbladder and kidneys appeared normal Section of a small portion 
of tumor tissue was reported as adenocarcinoma Sixteen days after operation, 
the patient was discharged 

On August 4, twentv-six days following operation, he was readmitted in a 
comatose state, from which he quickly aroused after administration of orange 
juice He had had two previous spells of extreme weakness before breakfast, 
which were relieved by food On the morning after admission the blood sugar 
during fasting was 0 04 per cent, and on the next day 0 053 per cent Examina- 
tion showed an emaciated negro, 68 inches (172 7 cm) in height, weighing 113 
pounds (51 3 Kg ) There was no evidence of jaundice Slight general ade- 
nopathy was present The thyroid gland appeared to be normal The heart was 
normal in size, rate and rhythm , there was a systolic blow over the pulmonic 
area The peripheral arteries seemed harder than normal The blood pressure 
was 120 sjstolic and 84 diastolic The lungs were normal except for a few scat- 
tered rales A rounded, painless bulging, not definitely nodular, was present m 

Submitted for publication, May 25, 1929 
* From Northwestern University Medical School and Wesley Memorial 
Hospital 
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the epigastrium, evidently in tlie left lobe of the Iner, the smooth edge of winch 
was palpated just above the navel The spleen was not palpable, there was no 
ascitic fluid The prostate was normal The reflexes were normal The blood 
count and smears showed only slight secondary anemia, the Wassermann and 
Kahn tests gave negative results The urine was normal , the phthalein excretion 
was 45 per cent The basal metabolic rate was minus 9 per cent The results of 
the examination of the eyes were negative except for perivasculitis of the retinal 
vein X-ray pictures of the skull showed a normal sella turcica and other bone 
structures 

Determinations of the blood sugar during fasting were subnormal The col- 
lection of samples during strict fasting was prevented after a few days by the 
onset of coma, but specimens of blood obtained four hours and later two hours 
after feedings containing 18 Gm of dextrose gave equally low readings (table) 


Blood Suga) Dcfct minafwns 


8/ 6 

40 

Blood Sugar (Mg per 100 Cc ) 

fasting 

8/ 8 

53 


8/10 

32 


8/11 

52 

five liouis after 18 Gm of devtrose 

8/13 

40 


8/16 

27 


8/18 

41 


8/?0 

44 


8/22 

28 


8/24 

33 


8/26 

35 


8/28 

40 


8/31 

44 

four hours after 18 Gm of de\tiose 

9/ 2 

47 


9/ 4 

25 


9/ 6 

37 


9/ 8 

63 

two hours after 18 Gm of de\tiose 

9/10 

43 


9/18 

52 


9/21 

49 


9/24 

139 

one hour after 18 Gm of dextrose 

9/27 

81 


10/ 1 

70 


10/ 5 

114 


11/19 

13 

terminal 


On August 14, tests made before meals and before supplementary feedings at 4 
a m and at midnight (total dextrose 384 Gm ) showed a subnormal level m 
every instance except before the noon meal (fig 1) Hypoglycemic attacks 
recurred during the early morning hours A diet containing 440 Gm of available 
dextrose (carbohydrate, 300, protein, 60, fat, 150) with supplementary feedings of 
18 Gm of dextrose at 3 and 9 a m , at noon and at 4 and 10 p m , also failed 
to prevent reactions After September 13, the extra feedings ivere given hourly 
from 11 p m to 7 a m inclusive, and at 9 a m (total dextrose 510 Gm ) 
Fmall}", on October 9, because of occasional afternoon attacks, feedings at 3, 9 
and 10 p m were added (total dextrose 570 Gm ) About this time the patient 
became unable to retain food, after October 16, he could take only irregular 
light meals and orange juice or dextrose, particularly at the onset of attacks 
The afternoon temperatures rose from 99 or 100 to 100 or 101 F During the 
intervals between attacks he w'as normal mentally and show^ed no toxic effects 
suggestive of hepatic insufficiency The reactions became more frequent, occur- 
ring from three to se\en times a day The 3 ’’ w^ere all of the same character The 
first subjective indication w'as a sense of fatigue follow^ed by dimness of vision 
which caused the patient to he down or, wdien already in bed, to lay aside wdiat- 
e\er he was doing There was no sense of discomfort He would close his 
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e\ es and forthwith lose consciousness This phase was characterized by a pecuhai 
staring e\pression, rolling of the ej’-es, grimacing and irregular movements of 
the arms and legs The sclerae became blood streaked, and the pupils dilated 
For some time he seemed to understand nhat was said to him, but there w^as no 
recollection of this afterw'ard The pharyngeal reflex w'as usually retained so 
that orange juice w'as sw^allowed w'hen poured into the mouth The respirations 
w^ere not labored The later attacks were associated with delirium From an 
ordinarily mild mannered person he became noisy and resentful of his social 
status and treatment Attacks of from ten to thirty minutes’ duration w'ere 
obseried, they w^ere promptly relieved by the oral administration of dextrose even 
though, late in the course, he would immediately spit out much of the orange 
juice A blood pressure of 160 s>stohc and 110 diastolic observed during one 
attack had dropped to 140 systolic and 90 diastolic a few' minutes after it w'as 
over The final hypoglicemic reaction occurred on November 19 Dextrose w'as 
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Fig 1 — Diurnal blood sugar curve, taken on Aug 13, 1928 The dextrose 

intake was 384 Gm The curve represents the milligrams of blood sugar The 

heavy black lines indicate the grams of dextrose in the diet 

withheld, through its use life had been prolonged to a point where the patient, 

unable to eat, passed from one shock to another as soon as the temporary effect 
of a little orange juice had subsided Chejne- Stokes’ respirations appeared, a 

terminal blood sugar reading of 0 013 per cent w'as obtained, and death occurred 
from respiratory failure tw'o and a half hours after the onset of the attack 
Clinical Studies — On August 14, five hours after a feeding of 18 Gm of 
dextrose, the blood sugar w'as 0 045 per cent , the administration of 88 Gm of 
dextrose produced a maximal rise in the capillary blood to 0 209 per cent in one 
hour, with readings of 0 206 and 0158 per cent, accompanied with traces of sugar 
in the urine after tw'o and three hours, respectively Tests repeated on September 
1 with capillary blood and on September 4 with venous blood showed curves 
characterized by a rise from subnormal levels to 0 16 per cent in one hour and 
b} a fall to subnormal levels within three hours, indicating a progressiv'e decrease 
in tolerance (fig 2) Fructose tolerance tests w'ere not made 
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On Strtcnibcr 27, the injection of epinephrine (1 cc ) failed to pioduce an 
cic\ ition in the blood sugar level The initial blood sugar, about two hours after 
a feeding containing 18 Gin of dextrose, was 0 081 per cent, one-half hour after 
the .idininistration of epinephrine the reading w-as 0 057 per cent, in one hour 
0 042 pel cent and in two hours 0022 per cent, at which point the patient became 
comatose Pituitary extiact produced no rise in blood sugar in one hour, at 
which point the administration of dextrose w'as necessary The amvlolvtic acti\- 
itj of the stool was determined by Wohlgemuth’s method as 110 8 and 62 5, on 
September 19 and October 23, respectively 



big 2 — Cunes for dextrose tolerance tests A indicates the curve for the 
capillary blood taken on August 14, B, that for the capillary blood taken on 
September 1, and C, that for the venous blood taken on September 4 D indicates 
the amount of dextrose 

On August 22, the diiect van den Bergh test w^as negative, quantitatne 
dcleimmation showed less than 0 7 mg per hundred cubic centimeters of scrum 
On September 1, the bromsulphalem test for luer function w'as normal On the 
same date, the blood cholesterol w'as 176 mg Estimations of the nonprotein 
nitrogenous constituents of the blood were not made 

The extraction of insulin from 50 cc of the patient’s blood as well as from 
50 cc of the blood of a normal control was attempted b\ j\Ir I J Seitr of the 
Department of Plwsiologe , none could be demonstrated in either extract by the 
Fisher modification of the Dois\, Somog\i and Shaffer method 
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\cciopsy Repoit — The examination was conducted immediate!}' after death 
by Dr F D Gunn of the Department of Pathology A summary of the impoi- 
tant observations follow's The liver, w'eighiiig approximately 3,300 Gm , ivas 
distorted in shape, the left lobe, enlarged to about the same mass as the right, 
contained a nodular, rounded protuberance on its anterior and upper surface at 
about Its middle , the remaining portions were studded with raised, rounded or 
umbilicated tumor nodules Projecting from the anterior-inferior surface of the 
fundus of the gallbladder and covered only by peritoneum were two spherical 
tumor nodules about 1 cm in diameter, several similar nodules occupied the loose 
connective tissue around the neck of the gallbladder and cystic duct Otherwise, 
there w'as no involvement of the gallbladder and cystic duct, the extrahepatic 



Fig 3 — Section through the left lobe of the liver 

bile ducts were patent An irregular tumor mass occupied the wall and a large 
part of the lumen of the inferior vena cava in the section surrounded by liver 
tissue Sections through the liver showed the left lobe and middle portion prac- 
ticallj entirely occupied by a more or less lobulated tumor mass, while the right 
lobe was partly filled with large and small tumor nodules, the remaining part of 
the liver substance lying at the extreme right portion (figs 3 and 4) Roughly 
estimated approximately one fifth of the entire liver remained as such The 
uninvohed portion was dark red brown, with markings somewhat exaggerated, 
rather firmer and tougher than normal 

Superficially the pancreas appeared normal, rather soft, and grayish yellow 
On macroscopic examination, numerous sections failed to reveal any tumor 
masses or other pathologic changes The spleen weighed 840 Gm Its anterior 
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surface was roundcci, of fairlj firm consistency, and was dark purplish red On 
section, the surface was smooth, homogeneous and rather dry , it was dark red, 
and the fibrous stoma was markedly increased, the follicles were not yisible, no 
tumors were found on numerous sections The brain was normal superficiallj 
and after preservation in fixative The suprarenals were of about normal si7e, 
color and consistency , there was medullary' substance in fair amount The kid- 
nejs yvere about equal in si/e, smooth external^, with capsules stripping cleanly, 
leaying smooth pale surfaces On section, the cortex, from 7 to 8 mm in width, 
yvas moderate!} swollen and pale, the markings were distinct The stomach, 
duodenum, small intestine and colon shoyved pale mucosa but no pathologic 
change, the mesentery was free from enlarged nodes and tumor masses, the 



Fig 4 — Section through the right lobe of the liver 


rectum yvas h}peremic and moderately edematous The ureters, urinar} bladder 
and prostate yyere normal in appearance 

The lungs contained numerous, evenly distributed nodules, ranging in size 
up to that of a yvalnut , those on the surface protruded prominently, yvhile the 
larger ones yvere umbilicated On section, the tumor masses yvere found dis- 
tributed throughout the lung substance The lung tissue betyyeen the nodules yyas 
yyell aerated except in the posterior portions yyhich shoyyed hypostasis and a 
moderate quantit} of edematous fluid The mediastinum, especially around the 
base of the heart, contained fairly numerous tumor-bearing l}mph nodes ranging 
in size up to that of a hazelnut, tyyo of the larger of yyhich encroached on and 
lay partly m the posterior yvall of the right atrium The heart showed no patho- 
logic change, the coronar} arteries yyere patent and their lumma were of normal 
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diameters The mtenoi of the aorta showed linear and scattered, irregular, 
slightlj raised jellow areas, especiall}' in the ascending and transverse portions 
of the arch, the thoracic aorta was relatively free and the abdominal aorta was 
entirelv smooth and normal in appearance A small amount of clear amber fluid 
■was piesent in the pleural caMt}”- and in the pericardial sac, the abdominal ca\ity 
was partly filled with similar fluid 

Mill oscopic Ohsovation , Section Stained zvith Hematoxylin and Eosin 
(Reported by Dr F D Gunn) — In sections from the liver outside the tumor- 
bearing areas the larger number of liver cells were pale, swollen and rounded, 
many of them contained two or more large nuclei and in their cytoplasm there 
rvas a large quantity of golden brown granular pigment In the tissue immedi- 
ately adjacent to the tumor nodules the cells were compressed and atrophic, their 
nuclei were shrunken and p 3 'knotic There was a considerable quantitv of dense 
fibrous tissue which partly separated the tumor from the parenchyma of the Iner 
In a few areas, the bile ducts showed a simple hyperplasia , elsewdiere thev 
appeared normal , even in places where completely surrounded by tumor cells 
their epithelial lining consisted of a single layer of cells, and the basement mem- 
brane was unbroken Nowhere did the bile ducts appear to have taken on 
neoplastic characters 

Sections taken from the large tumor mass m the liver showed irregular cords, 
plugs of epithelial cells with a vaiiable amount of fibrous tissue separating them 
from each other Here there ivas a complete absence of the parenchj'ma of the 
liver In many places the fibrous septums were broad, dense and hj^almiaed 
The tumor cells were for the most part polyhedral, smaller and darker than the 
liver cells and arranged as thick cords, several cells deep, along the fairly rich 
network of capillary sinusoids (fig 5) In other places the cells \vere large and 
clear with small, dark nuclei and arranged m small alveoli, separated from each 
other by thin fibrous septums, resembling, in many respects, hvpernephroma 

Sections from the tumor masses of the lung closelj?" resembled those in the 
liver The nodules were sharph circumscribed and surrounded by thin fibrous 
capsules In the large lymph nodes, the tumor nodules had a somewhat different 
appearance The blood sinusoids, along the course of which the tumor cells were 
arranged, were ivide The fibrous stroma was abundant The alveoli were much 
larger than elsewhere, their peripheries were sharply marked off by the blood 
sinusoids and in many places their centers nere necrotic 

Sections taken from the head, middle and tail of the pancreas showed nothing 
remarkable The islets of Langerhans appeared normal in size and number In 
the spleen the reticulo-endothelial cells of the pulp were markedlv increased in 
size and number, with atrophy of the Ijmphoid follicles and narrowing of the 
sinusoids of the pulp Sections from the suprarenals showed nothing remark- 
able Sections of the kidney showed a striking degree of necrosis and calcifica- 
tion of the cells of Henle’s loops, while the remaining portions of the parenchyma 
appeared normal A special study of the pancreas and tumor tissues was made 
possible by Prof R R Benslev of the University of Chicago In his opinion, 
the pancreas i%as normal and the tumor tissue from the liver was not islet tissue 
There was neither an obvious increase of islet tissue nor an obvious change in 
the islets themselves, both A and B cells were present in about normal propor- 
tions and both were well charged with the characteristic secretory granules The 
tumor tissue, tested both b-y Professor Bensley’s neutral gentian stain and by 
Bowie’s combination of ethyl violet and Biebricher scarlet, gave negative results 
as regards islet granules in both instances There was, therefore, no indication 
of abnormal production of insulin b}’’ the cells of the neoplasm 
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Analviis of Autop^v MatcnaJ — Prof A C Ivy and Mr I J Seitz of the 
Department of Ph>siolog> gave the following analyses 

Glycogen Content of the Liver The liver weighed approximatelv 3,300 Gm , 
of which roughly 70 per cent was scirrhus One hundred grams of luer tissue 
free from tumor nodules and an aliquot portion of the tumor were tieated quan- 
titatively for glycogen by the Pfluger method The 100 Gm of tumor tissue 
contained no glycogen, the 100 Gm of liver tissue contained 0 8 Gm of gb cogen 
determined as dextrose 

Extraction of Insulin The Fisher, Doisy, Somogyi, Shaffer method was 
used Almost the entire pancreas (from 55 to 60 Gm ) was extracted for insulin 
and the final product dissolved m 40 cc of water Eight hundred grams of tumor 



Fig 5 — Tumor cells of the liver, X 800 


and a similar quantity of liver tissue were also extracted for insulin, and the 
final product of each was dissolved in 55 cc of water The usual method of 
assay was employed The rabbits used weighed from 1,900 to 2,200 Gm and were 
known by previous experience to react normally to insulin The extract from the 
liver contained no insulin The extract fiom the tumor likewise produced no 
insulin effect, and one rabbit responded to the subcutaneous administration of 5 
cc of the tumor extract with moderate hvperglycemia The pancreas contained 
a minima! normal amount of insulin, about 100 units per kilogram 

COM Mr NT 

The dominating anatomic featuie of this case is a caicinoma ^Yhlch, 
so far as can be detei mined, is piimai} in the Inei and of hepatic 
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cell origin A large amount (from 70 to 80 pei cent) of Iner sub- 
stance was leplaced by the neoplasm The remainder, if compiised of 
normally functioning cells, would be expected to maintain a gtycogen 
storage balance, in view of the lesults reported by Mann aftei experi- 
mental lemoval of part of the liver The usual signs of hepatic 
insufficiency weie lacking Clinicall}^ the h3"poglycemia syndrome 
ovei shadowed all othei S3nnptoms The couise lesembled in practically 
every lespect the carefull3'^ studied case reported by Wilder,- which 
was due to overproduction of insulin, chie% by liver metastases of a 
caicmoma primal y in the pancreas 

Spontaneous hypoglycemia ma3' be caused by eithei one of two 
opposing fundamental conditions, namely h3^peiinsulinism with excessive 
consumption of sugar or a deficiency in the glycogen storage oi sugar 
mobilization function of the h\ei The formei, dependent on pro- 
duction of insulin, of necessity concerns the islands of the pancreas, 
the latter is concerned with the gl3'^cogen storage appaiatus, chiefly the 
liver and muscles Carcinoma and adenoma confined to the pancreas 
have caused fatal h3'poglycemia,® and histologic studies have lent support 
to the view that spontaneous h3'peiinsuhnism ma3'^ occur Wilder’s 
case clearty demonstrates that tumor of the islets with metastases ma3 
lead to a fatal h3^poglycemia due to h3^perinsuhnism No comparable 
clinical picture of proved hepatic oiigm has been described An hepatic 
origin has been assumed in vaiious instances of spontaneous hypo- 
glycemia, notably in the unusual case reported by Wagner and Parnas ^ 
in which instability of the blood sugai and negative results with 
epinephiine were intei preted as evidence of deficient sugai storage or 
lack of mobihzable glycogen In vaiious diseases of the liver, such 
as acute yellow atioph3^ and cinhosis, terminal low blood sugar levels 
have been found A fatal h3'^pogl3'cemia appearing in the last weeks 
of a chronic, apparently infectious disease has been described in rab- 
bits, ® a piogiessive decrease in the effect of epinephiine was observed 
and a characteristic atrophy and fatt3^ degeneiation of the liver were 
found post mortem 

1 Mann, F C Effects of Complete and Partial Removal of Liver, Medicine 
6 419, 1927 

2 Wilder, R M , Allan, F N , Power, M H , and Robertson, H E 
Carcinoma of the Islands of the Pancreas Hypennsulimsm and Hypoglycemia, 
J A M A 89 348 (July 30) 1927 

3 Thalheimer, W , and Murphi’-, F D Carcinoma of the Islands of the 
Pancreas, Hypennsulimsm and Hj’^pogl} cemia, J A M A 91 89 (July 14) 1928 
McClenahan, W U, and Norris, G W Adenoma of the Islands of Langerhans 
with Associated Hypoglycemia, Am J M Sc 77 93, 1929 

4 Wagner, R, and Parnas, J K, quoted by Wilder (footnote 2) 

5 Oppel, W W Zur Frage des hypoglykamischen Symptomenkomplexes 

bei Kaninchen, Ztschr f d ges exper Med 60 86, 1928 



NADLER-WOLFER— HYPOGLYCEMIA IN CARCINOMA 709 

In the case piesented hypeiinsulimsm can l)e luled out since the 
pancreas was noiinal grossly and micioscopically and since an assay 
of this oigan yielded only a minimal noimal amount of insulin That 
the tumor cells had not exeicised the function of islet cells is indicated 
by the failuie to lecovei insulin from them and by histologic stud} 

We must conclude, theiefoie, that the hypogl}cemia was due to a 
distuibance of the sugar mobilization function of the hvei The tumoi 
contained no glycogen The quantitative decrease m livei substance 
to 20 01 30 per cent was ceitainly an impoitant but evidently not the 
only factor Aftei partial removal of the liver in dogs, lesulting in 
a peimanent reduction of hepatic tissue, m some cases to less than 
15 per cent, Mann found only a slight change in the blood sugai level 
Complete lemoval of the livei, howevei, is followed by chaiacteiistic 
symptoms associated with a piogiessive and fatal hypoglycemia, the 
end can be postponed for many houis by lepeated injections of dextrose, 
but finally symptoms of anothei type appear which lesult in death even 
though the blood sugai level is maintained at, or above, a noimal leveM 
Dogs with Eck-fistula develop loss of muscle cooidmation, staggering 
gait, weakness, distuibed vision, coma, convulsions and death, symptoms 
not unlike those of hypoglycemia but due in part to toxemia um elated 
to caibohydiate metabolism since they can be leheved not only b} 
dextiose but by Rmgei’s solution, ati opine and gastric lavage 

In the case leported, the functional capacity of the remaining livei 
cells seems to have been the deciding factoi These cells weie mostly 
pale, swollen and lounded, many containing two or more nuclei and a 
laige quantity of blown pigment, the cells adjacent to the tumoi tissue 
weie definitely ati opine Their glycogen content was unusually low 
(0 8 pel cent) The conclusion seems justifiable, theiefoie, that in 
addition to a quantitative loss of liver substance a functional deficiency 
associated with an inadequate store of glycogen in the lemaimng cells 
was piesent, that the hypoglycemia was hepatogenic due to hypof unction 
of the lesidual cells Under these conditions it is lemarkable that 
symptoms suggestive of hepatic insufficiency, such as toxic manifesta- 
tions of the type appearing m animals with Eck-fistula, did not appear 
and that the tests foi liver function usually considered of gieatest 
clinical value (the biliiubin content of the seium and the ability of 
the Inei to exciete dye) were negative The failuie of epmephime 
to pioduce a use in the blood sugai and the abnoimally high le^el 
pioduced by dextrose feeding suggested an inability of the liver to 
stole dextiose but could not be considered decisive m Mew of the similai 
lesults 111 Wildei’s case of hyperinsuhnism in which the Iner was 
gorged with gl} cogen 
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SUMMARY 

A case of spontaneous hypoglycemia, appaiently of hepatic oiigin, 
IS lepoited Attacks of hypoglycemia dominated the clinical pictuie 
foi three and a half months Primal y liver cell caicmoma, compiising 
loughly fiom 70 to 80 per cent of the total liver mass, with metastases 
111 the regional glands, mediastinum and lungs, was found The 
remaining liver stiucture was deficient in gl\ cogen content and showed 
evidence microscopically of degeneiative change The pancreas con- 
tained a normal amount of insulin and piesented no signs of pathologic 
changes The tumoi cells possessed no characteristics of islet cells and 
contained no insulin 



TUBERCULOSIS OF THE AORTA 

REPORT OF A CASE 

LEYLAND J ADAMS, MD 

MONTREAL, CANADA 

In 1882, Weigeit^ demonsti ated the association between tubeiculosis 
of the vasculai system and acute inibaiy tuberculosis The impoitance 
of these fundamental studies on tubeiculosis of the vascular system is 
twofold They demonsti ated the damage lesulting in the blood vessels 
themselves and made cleai an impoitant loute by which tubeicle bacilli 
aie disseminated thioughout the bod}'- 

While tubeiculosis of the vasculai system is relatively common, 
tubeiculosis of the aoita is still regarded as a laie condition and one 
that IS seldom diagnosed clinically In leviewing the hteiatuie, I have 
been able to find thirty-six cases, including my own, lepoited since 
1882 The reason the condition is not lecognized clinically is that it 
does not appeal to lead to any positive diagnostic signs oi symptoms 
The pathology, however, as well as the mechanism of the pioduction 
of the lesion, is well known 

It is geneially conceded that tubeicle bacilli leach the aoita by one 
of two loutes fiist fiom the blood stieam by diiect implantation on the 
Ultima, 01 by the vasa vasoium, and second, from without, by the direct 
extension of a tubeiculous piocess to the adventitia Of the foimer 
type theie have been sixteen cases lejiGrted, and of the latter, twenty 
cases, including mine 

The piimaiy involvement of the vasa vasoium has not been demon- 
sti ated m man The Fiench wi iters Petit and Geimam," howevei, 
lepoited thiee cases of tuberculosis of the aoita in dogs, in which, they 
claimed, the primaiy lesions were in the vasa vasorum 

The condition lesultmg fiom diiect implantation of tubercle bacilli 
on the Ultima of the aorta has been called tubeiculous endaortitis The 
lesions consist of laige oi small flattened nodules oi, eien moie com- 
monly, polypoid-hke giowths Then development and course are 
similai to those of tubeiculous piocesses elsewhere Wooley,^ m 1911, 
divided these piimaiy intimal cases into acute and chionic endaortitis, 
and stiessed as otheis have, the possible impoitance of the chionic t}pe 

Submitted for publication, Julv 9, 1929 

From the Pathological Laboratorj', The Alontreal General Hospital 

1 Weigert, P Virchows Arch f path Anat 88 307, 1882 

2 Petit and Germain Bull soc d’etudes sc de la tuberc , 1911-1912, Arch 
de med exper et d’anat path 25 469, 1913 

3 Woolei, P G Bull Johns Hopkins Hosp 22 82, 1911 
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in the production of general inilitaiy tuberculosis He also suggested 
that the acute aortic lesions aie a pait lather than a souice of geneial 
mihary tubei culosis, while the chionic cases may eventually lead to this 
condition 

Cases of chronic intiinal tuberculosis have been leported b}^ Benda'* 
Aschofl,*^ Longcope,“ Schmorl/ Gayloid ® Simnitsky,'’ Lucksch *■“ and 
Paisseau and Lambhng ** 

Cases of acute intimal tuberculosis include those reported by 
Maichand/" Huber,*- Schuchardt,*" Hanot,** Hanot and Levi,*^ Sim- 
nitsk}^,” Bluiner,*® Flexner *" and Woole}'^ ^ 

The cases in which the aoitic involvement was due to extension fiom 
without aie those leported by Dietrich,*® Kamen, *® Hanau and Sigg,^® 
Schmoil,*' Buttermilch,-* Councilman and Mallory,-- Leifmann,-® Hed- 
mgei,-'* Ribbeit,^® Bauer,-® Le Noble,-* Dafoe,-® Zrunek,-® Koimtzei,®® 
Vanzetti,®* Mariam and Gaiolamo Dal Lago 

4 Benda Ergebn d allg Path u path Anat , 1901, vol 6 

5 Aschoff Verhandl d deutsch path Gesellsch , 1899, 1890, pp 419-421 

6 Longcope Bull Johns Hopkins Hosp 12 27, 1901 

7 Schmorl Munchen med Wchnschr 49 1379, 1902 

8 Gaylord, in Allbutt System of Medicine, 1909, cited by Forssner and 
Longcope 

9 Simnitsky Alim sven Lakartidn 1 817, 1901 , cited by Forssner 

10 Lucksch Centralbl f allg Path u path Anat 15 190, 1904 

11 Paisseau and Lambhng Presse med 34 1122, 1926 

12 Quoted by Weigert (footnote 1, p 360) The case of Gaylord (footnote 8) 
cited by Frossner and Longcope could not be found in the references given 

13 Schuchardt Virchows Arch f path Anat 88 46, 1882 

14 Hanot Semaine med 15 281, 1895 

15 Hanot and Levi Arch de med exper et d’anat path 8 784, 1896 

16 Blumer Am J M Sc 117 19, 1899 

17 Flexner Bull Johns Hopkins Hosp , August, 1891, p 120 

18 Dietrich Ztschr f Heilk 9 97, 1898 

19 Kamen Beitr z path Anat u z allg Path 17 416, 1895 

20 Hanau and Sigg Mitt a Klin u Med Inst der Schweitz 4 173 1896 

21 Butteimilch Inaug Diss , Berlin, 1898 

22 Councilman and Mallorj Med K Surg Rep , Boston City Hosp , IS^^b , 
cited bv Haj thorn 

23 Leifmann Centralbl f allg Path u path Anat 15 749, 1904 

24 Hedmger Frankfurt Ztschr f Path 2 121, 1909 

25 Ribbert Sitzungsb d Miederrheim Gesellsch f naturh Heilk zu Botiii 
1910 

26 Bauer Wien klin Wchnschr, 1912, p 1289 

27 Le Noble, F Arch d mal du coeur 15 677, 1922 

28 Dafoe Edinburgh M J 32 291, 1925 

29 Zrunek Centralbl f allg Path u path Anat 25 577, 1914 

30 Kornitzer Med Klin 16 361, 1920 

31 Vanzetti Arch sc medic, 1908 

32 Moriani Virchows Arch f path Anat 202 283, 1910 

33 Garolamo Dal Lago Morgagni Giornale Indirizzato al Progresso della 
Medicma, 1913 
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Jn the cases of Dietiich and Kamen the aoita was mvohed fiom 
adheient tubeiciiloiis bionchial lymph nodes, and m Kamen’s case this 
was followed by luptine of the aoita and acute mihary tuberculosis 
In Butteimilch’s case, the aoitic involvement was secondaiy to 
veitebial disease Schmoil lepoited two cases of perfoiation of the 
aoita as a lesult of a tubeiculous piocess one secondaiy to a tubeiculous 
lymph node and anothei secondary to a tuberculous pulmonaiy cawt) 
In both, acute miliaiy tubeiculosis lesulted 

In Hanan and Sigg’s case, a tubeiculous aneurysm luptuied into a 
tuberculous cavity in the lung 

Councilman and Mallory demonsti ated a false aiieuiysni of the 
thoiacic aorta secondary to extension fiom a tubeiculous lymph node, 
from which acute mihaiy tuberculosis resulted 

Leifmann demonsti ated a case of rupture of the aorta secondai} to 
a caseous mediastinal lymph node, in which acute miliaiy tuberculosis 
developed 

Hedingei’s patient had tubeiculosis of the adventitia associated with 
subacute milaiy tubeiculosis, tubeiculous basilai meningitis and a soli- 
tary tubeiculous nodule in the ceiebellum 

Ribbeit’s papei dealt with a case in which theie was a communica- 
tion between the lumen of the aoita and a tuberculous cavity in the 
lung, which was secondaiy to tubeiculosis of the veitebrae General 
miliaiy tubeiculosis followed 

Ziuneck described a case of tubeiculosis involving the abdominal 
aoita 111 the legion of the celiac axis, which led to luiituie and death 
In 1920, Koinitzer leviewed eleven cases of luptnied tubeiculous 
aneuiysms that had been lepoited up to that date, and added a case of 
Piofessoi Stoeik’s of Vienna Stoerk’s case was one of luptuie of the 
ascending aoita 1 cm beyond the aortic cusps and was due to a tubei- 
culous piocess which began in a gioup of adjacent lymph nodes The 
edges of the luptuie weie thinned, and the walls of the aneurisms 
showed an extensive tubeiculous piocess involving two thuds of the 
media 

\^anzetli’s papei, published in 1908, was based on a case of ruptuied 
tubeiculous aneuiysm of the arch of the aoita, which originated from 
a tubeiculous piocess in the veitcbia and infiltiated the posteiioi medias- 
tinum The aoitic wall was involved ovei a consideiable area, and at 
one point the piocess i cached as fai as the outei bolder of the intima 
and at othei points, to the internal layeis of the media Opposite the 
tubeiculous aiea of the aoitic wall was a laige preAeitebial caseous mass 
Mai lain desciihed a case of tubeiculosis of the ascending arch of the 
aoita following tubeiculous peiicaiditis The piocess extended for some 
distance bejond the peiicaidium Theie vas an associated hypeiplasia 
of the Ultima The media was weakened functionalh and “bulging’’ 
had occuiied 
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In 1913 Gerolamo Dal Lago leviewed the liteiature and added the 
repoit of a case of tnbeiculous mediastimtis in a young patient, which 
infiltrated the esophageal and aoitic walls, leading to the foiination of 
an esophageal ulcei and subsequently to an esophageal-aoi tic fistula 
Death lesulted from hemoirhage 

Bauei found an extension of tubeiculosis ot a fianph node to the 
arch of the aorta 

LeNoble described a tuberculous aneur 3 '^sm of the first portion of the 
aoi ta 

Dafoe lepoited two cases of ruptured aneurysm of the abdominal 
aoita due to tuberculosis 

My case is the twentieth recorded case of tubeiculosis of the aorta 
due to diiect extension from without 

REPORT or CASE 

Histo)y — A man, aged 56, a laborer, born in Canada, was admitted to the Mon- 
treal General Hospital in the service of Dr Campbell P Howard on Nov IS, 1927, 
complaining of “swelling of the legs , cough , pain in the right side , itchmess of 
the skin, yellow vision, shortness of breath, occasional coldness, whiteness and 
loss of sensation in the distal phalanges of both hands ” 

One sister had died of pulmonary tuberculosis His wife, wdio had died of 
probable angina pectoris at the age of 55, had had eleven pregnancies, one of which 
terminated in miscarriage , nine children died in infancy, and one was alive and well 

The patient had not worked for the past two years He had smallp^ox as a child 
There was no history of syphilis A cough, unaccompanied by pains in the chest or 
expectoration, had been present ever since he could remember He had complained 
of occasional swelling of the feet and ankles which would disappear over night 

The present illness began about April, 1927, with loss of appetite and a marked 
swelling of the feet and legs Soon after, shortness of breath appeared and became 
a distressing s} mptom , pain in the left side of the chest developed , this grew w'orse 
when he coughed About this time, a small amount of blood w'as coughed up 
Later, pain was felt over the right side of the chest, this had persisted 

Because all the symptoms w'ere progressing in spite of rest at home, he w'as 
admitted to the hospital in November, 1927, seven months after the onset of the 
present illness 

Physical Eiaiiiiiiatwn (Dr C P Howard) — The patient was sallow, dyspneic 
and orthopneic, he coughed frequently but did not expectorate The mucous 
membranes were pale and cyanotic The lymphatic system was normal The thorax 
was of the long type, with bony landmarks and deep infraclavicular and supra- 
clavicular fossae The back was bowed The upper part of the left side of the 
chest, anteriorly, w'as definitely flatter than the right, and expansion here was 
practically nil Tactile fremitus was diminished in the left axilla The percussion 
note w'as impaired on the left from the second rib to the base of the axilla and over 
the base posteriorly Resonance was present on the right, but the note was impaired 
over the base Over the areas of dulness, the breath sounds and vocal resonance 
were suppressed Elsewhere, there were many fine moist rales The pulse rate 
was rapid, 90 per minute, regular and of small volume The vessel wall was just 
palpable The blood pressure was 145 systolic and 102 diastolic There was a 
slight precordial fulness of the heart, but no visible pulsation The point of 
maximum impulse could be best felt in the fifth interspace, 12 cm from the midline 
The relative cardiac dulness extended to the level of the second interspace above, 
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6 cm to the right and IS cm to the left of the midlinc The heart sounds were 
distant No murmurs or accentuations w'ere made out, but there was a tendenc} 
to gallop rhythm The remainder of the ph}sical examination sho\%ed nothing of 
importance, except some edema of the legs and feet 

The blood count showed red blood cells, 4,310,000, w'hite blood cells, 7,200, 
hemoglobin, 50 per cent The differential count gave polvmorphonuclears, 74 
per cent , lymphocytes, 25 per cent and eosinophils, 1 per cent 

On Nov 17, 1927, Dr Richie made the followung report of the roentgen 
examination of the chest “The heart appears to be increased m tbe transverse 
diameter, the arch of the aorta wudened There is evidence of a collection of fluid 
at both bases, more marked on the left side than on the right The other shadows 
seen throughout the lung fields are, I believe, secondary to tbe cardiac condition 
ratber than due to any definite infection ” 

The electrocardiogram showed inversion of the T w^ave The urea concen- 
tration factor was only 18 The Wassermann reaction of the blood was 3 plus on 
two occasions The fundi show'ed one or two scattered hemorrhages 

During the patient’s stay in the hospital, a period of five months, the clinical 
signs and symptoms, as w'ell as the general appearance, varied from time to time, 
yet there w^as gradual failure and certain features were always prominent pre- 
cordial pain, nocturnal paroxysms of dyspnea, evidence of decompensation of the 
heart, necessitating bleeding and repeated courses of digitalis , the presence of 
chronic nephritis at laboratory examination, which gradually became more and 
more pronounced , an enlarged and tender liver , a sallow color , dilatation of the 
arch of the aorta and a 3 plus Wassermann reaction on two occasions A pericardial 
friction rub, though suspected and often looked for, was present on only one 
occasion 

The clinical and laboratory observations, apart from those concerning the pro- 
gressive chronic nephritis, are of special interest wuth reference to the postmortem 
examination The nocturnal paroxysms of dyspnea, the precordial pain, widening 
of the arch of the aorta, the positive Wassermann reaction and the sallow com- 
plexion strongly suggested syphilis of the aorta as one of the pathologic conditions 
The final clinical impression of the case was (1) chronic interstitial nephritis, 
(2) aoititis syphilitica, (3) cardiac decompensation and (4) auricular fibrillation 
Autopsy — The anatomic diagnosis was as follow^s (1) hypertrophy of the 
heart, (2) chronic diffuse nephritis, (3) tuberculosis of the lungs, pleura (left), 
peribronchial and mediastinal lymph glands, pericardium and aorta , (4) tuber- 
culous pleural effusion (right) , (5) chronic passive congestion of the lungs, liver 
and spleen, (6) acute congestion of the cerebral vessels, and (7) arteriosclerosis of 
the aorta (slight) 

Pathologic examination revealed the following Macroscopically, the heart w'as 
inci eased in size and weight The greatest transverse diameter w'as 15 cm in 
situ, wdiile the w'Cight, wuth the pericardium attached, was 830 Gm There w^ere 
old fibrous adhesions between the pericardium and both pleurae, more marked on 
the left side The pericardial ca\ity w'as completelj'^ obliterated b}’’ fibrous 
adhesions, m wdiich blood vessels w'erc quite numerous While the obliteration of 
the sac w'as complete, the density of the adhesions which led to it varied They 
were most dense over the apical regions and at the base When the two layers 
of the pericardium were forciblv separated, a great maii}’^ small, grayish, discrete 
and confluent tubercles were Msible Thc}^ were not uniforml}’- distributed, but 
occurred in large and small irregularl 3 outlined areas Collectively, they were 
most numerous throughout the apical region No gross caseation was seen The 
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mediastinal lymph glands were deeplj”- pigmented with carbon, and some of them 
showed a tuberculous process The left side of the heart was markedly hyper- 
trophied, and the right side was dilated The valve measurements were tricuspid, 
14 cm , pulmpnary, 9 cm , mitral, 10 cm , aortic, 7 cm , eustachian, 2 5 cm , and 
coronary, 1 cm The tricuspid valve was slightl}-^ increased in circumference, while 
the aortic ring was neither enlarged nor thickened The musculature was of a 
uniform, pale brown and was firm in consistenc 3 " The valves and endocardium 
were normal The coronarj’’ arteries were patent throughout Be 3 'ond the peri- 
cardial cavity, there was no gross evidence of tuberculous involvement of the 
great vessels of the heart or the tissues immediately about them 

The first portion of the aorta showed the intima to be smooth and glistening 
with only a few small, noncalcareous plaques about the orifices of the coronary 



Fig 1 — Tuberculosis of the pericardium Section through the parietal and 
visceral la 3 "ers, including the heart muscle The obliteration of the pericardial 
sac should be noted 

vessels In the lower abdominal portion of the aorta, there were also a few 
raised, 3 ^ellowish plaques At no place was there wrinkling or stellate scars visible 
m the intima, suggesting syphilis 

Microscopic examination of the heart (figs 1 and 2) revealed the following 
The two la 3 '^ers of the pericardium were united b 3 a mass of inflammatory granula- 
tion tissue which was undergoing organization and had led to obliteration of the 
pericardial sac The visceral layer 3vas greatly thickened and edematous and showed 
on its inner surface tuberculous granulation tissue with numerous characteristic 
tubercles Tubercle bacilli were demonstrated within the caseous areas The 
muscular fibers were uniform^ increased in size and showed indistinct markings of 
the cross striations There was no evidence of fibrosis 
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Numerous sections were taken from various levels of the aorta Those taken 
from the first portion, within 3 cm of the aortic ring and immediately beyond the 
level of the pericardial reflection, showed the intima regular in outline and well 
preserved There was no scarring or round cell infiltration about the vasa vasorum 
111 the adventitia to suggest syphilis The adventitia, as well as the periadventitia, 
showed inflammatory granulation tissue, with characteristic tubercle formation and 
numerous giant cells (figs 3 and 4) At one point (fig 5), this tuberculous process 
involved the outer portion of the media Tubercle bacilli were demonstrated in this 
tissue VerholY elastic tissue stain showed no lesion of the vasa vasorum Sections 
taken from various other levels, including the abdominal portion, showed no 
evidence of syphilis or tuberculosis There was only a moderate arteriosclerosis 
The right lung weighed 700 Gm It was mottled and grayish-black, its 



Fig 2 — Tuberculous lesion of the pericardium The giant cells and the tuber- 
culous granulation tissue should be noted High power magnification 

pleura was smooth, moist and glistening, except for a puckered scar 3 cm in 
diameter at the apex, and a few recent tubercles at the base The lung was 
collapsed and subcrepitant throughout Serial sections from 1 to 2 cm thick, made 
throughout the lung from apex to base, after fixation, showed slight compensatory 
emphysema of the upper lobe The lymph nodes at the hiluin were shghtl}' 
increased in size, deeply pigmented with carbon and showed caseous tuberculosis 
The left lung weighed 800 Gm There was obliteration of the left pleural 
cavity which had, in part, resulted from fibrous adhesions of the two surfaces and 
m part from a fairl}' acute exudative process The fibrous adhesions were most 
marked throughout the apical region, the anterolateral aspect and along the under 
surface of the lung where it was firmly bound to the diaphragm The acute 
exudative tuberculous process was most marked throughout the posterior aspect 
and was reflected on to the superior surface of the diaphragm posteriorl 3 " The 




Fig 3 — A transverse section through the aorta and the periaortic tissues A 
indicates the large tuberculous area m the periaortic tissues and B, the tuberculous 
involvement of the adventitia 



Fig 4 — High power magnification of figure 3 at A The giant cells and 
tuberculous tissues should be noted 
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acute process showed a thick, rather dr}, friable, semicaseous material winch 

covered, as a continuous sheet, the visceral la 3 'er of the pleura and the parietal 

layer opposite it This thick exudate could be readily scraped off The pleura of 
this lung was thickened throughout, because of a definite inciease in fibrous con- 
nective tissue It was not only increased in consistency, but in some areas it was 

almost cartilaginous Serial transverse sections from 1 to 2 cm thick, from apex 
to base, after fixation showed a marked anthracosis irregularly distributed through- 
out the lung In the upper lobe, about its center and 4 cm from its apex, there 
was a sharply outlined, pale, grayish-white, firm tuberculous nodule, 3 mm in 
diameter, with a well demarcated peripherial zone composed of deeply pigmented, 
dense, homogeneous connective tissue There was a similar area in the lower lobe 
near one of the secondary bronchi None of the foci showed calcification After 
careful search with a hand lens, no other gross tuberculous foci were demonstrated 



Fig 5 — liibeiculosis of the adventitia The margin of the media is shown 
at A 

111 the lungs The peribronchial lymph nodes were deeplj" pigmented with carbon 
and showed caseous tuberculosis 

Microscopic examination of sections from the lungs showed marked congestion 
and partial atelectasis of the right lung The left lung showed tuberculosis of 
the pleura, marked edema and congestion and one microscopic tubercle in the lung 
parenchyma Sections from the peribronchial glands showed areas of caseous 
tubeiculosis 111 which tubercle bacilli were demonstrated 

COMMENT 

lilts case falls leadily into the second giotip of lesions of tubeicii- 
losis of the aoita namely, that due to dnect extension from outside 
the 3essel 3vall However, it presents several interesting features. 
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some of which were not lefeirecl to in the cases previously repoited 
Acute miliary tubeiculosis was not piesent The lesion m the aorta 
was not of sufficient extent to lead to perfoiation and its accompany- 
ing miliary tuberculosis Pulmonaiy tubeiculosis was found, not as an 
active ulcerative form, but as old healed apical scars with two small 
caseous nodules, while the microscopic examination revealed a third 
isolated tubercle On the other hand, there was an extensive acute 
tubeicLilous involvement of the left pleura and dense fibrous adhesions 
obliterating the pleural cavit}'' and extending to the pericardium The 
peribronchial and mediastinal lymph nodes and the peiicardium also 
showed an active tuberculous process It seems quite reasonable to 
suppose that the tuberculous process started originally in the lung, and 
then involved the pleura, the bionchial and mediastinal group of lymph 
nodes, as well as the pericardium and periaortic tissue, and finally 
the aorta itself In the other somewhat similar cases leported, with the 
exception of Maiiam’s, a tuberculous mass or a tuberculous lymph node 
was always found attached to or m the vicinity of the aorta In this 
case, however, no gross tubeiculous tissue could be found attached to 
the aorta, outside the pericaidial cavity, and it was only after a micro- 
scopic examination of the aoita that the true condition was revealed 
This tuberculous piocess was found limited to the first poition of the 
aorta The most interesting features clinically were the signs and 
symptoms that led to the diagnosis of aortitis syphilitica, namely, the 
history, the paioxysms of dyspnea, the precordial pain, the positive Was- 
seimann reaction and the x-ia} leport of widening of the arch of the 
aoita The similarity of the signs and symptoms to syphilis of the aorta 
might be explained by the site and chaiacter of the lesion and the fact 
that clinical signs and symptoms may depend more on gioss lesions 
than on the action of any specific toxin 

SUMMARY 

1 Thirty-Six cases of tubeiculosis of the aorta haA'^e been reported 

2 The case cited here is the twentieth reported instance of tuber- 
culosis reaching the aoita by extension from a tuberculous process out- 
side the aorta 

3 In this case the involvement extended to the media but no 
lupture occurred 

4 Clinically, syphilitic aortitis was suspected on account of the 
histor}", shortness of breath, pain, pallor and the positn^e Wasseiinann 
leaction 
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PHILADULPHIA 

Rejioits of Boeck’s saicoicl with visceial involvement aie uncommon 
When on postmoitem examination of our patient it was noted that 
lesions similai to those of the skin co-existed m the epicardium, in the 
bionchial mucosa and in the mucosa of the ileum, the pioblem of the 
etiology of the malady and its significance to internal medicine was 
hi ought anew to oui attention 

boeck’s sarcoid 

In 1899, Boeck ^ foi the fiist time desciibed a cutaneous malady 
which since has been known as Boeck’s sarcoid In 1900,^ he desciibed 
three additional cases of it The disease is chronic and it is chaiacter- 
ized by the piesence on the skin of either small or large nodules or infil- 
tiated placpies, varying in number fiom one to many hundreds These 
lesions occur usually at some point on the face , whence they may spread 
to othei paits of the face and may giadually involve the extiemities and 
the tiunk Each single papule oi nodule lequires months, sometimes 
yeais, for its deielopment and foi the vaiious stages of its course The 
effloiescence may appeal under vaiious aspects Often the eruption 
appeals suddenly, the skin being red and swollen and the seat of an 
itching sensation In othei cases, a distinct papule appeals on the 
affected skin suiface, sometimes the papule is only felt undei the skin 
The nodule or plaque is usually bright red, bluish led or brownish red 
Latei in the couise it is bluish led in the center and yellowish brown at 
the peiipheiy The nodule oi plaque may involute without therapeutic 
inteivention, leaving a pigmented atiophic seal This ma}’- last foi a 
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long time and is a chaiacteiistic phase of the malady The nodule oi 
plaque may also show a netwoik of capillaiies m the central area ’ The 
nodule feels haid, and often, on piessuie with a glass slide, shows a 
minute yellow focus , this led to the name of miliary lupoid The latter 
term is moie desiiable, as the teim saicoid is unwai ranted, the resem- 
hlance to saicoma, if any, being remote 

Darier ® fiom the study of the lecords of cases m the liteiature, 
divided sarcoids into four groups as follows (1) the multiple benign 
sarcoid of Boeck, (2) the subcutaneous sarcoid of Darier and Roussy, 
(3) the nodular eiythematous mduiation-like sarcoid of the extiemities, 
and (4) the Spiegle Fendt saicoid This classification was at one time 
adhered to by deimatologists and still may be found m all textbooks on 
cutaneous diseases Howevei, at present, of the four groups, Boeck’s 
sarcoid and Dariei and Roussy ’s sarcoid are the onl)^ two types that aie 
accepted by deimatologists as clinical entities Treatment is ineffective, 
except that under piolonged use of aisenic the lesions involute Theie 
IS a strong suggestion of coincidence one of the characteristics of this 
efflorescence is that the lesions disappear leaving atiophic pigmented 
spots, without theiapeutic intei cession 

ETIOLOGY 

With the lepoit of our case, it was our intention to review the htei- 
ature related to the subject This has been done completely by Goeckei- 
man ^ His careful resume of the obseivations on sarcoid and related 
lesions throws the entire subject into relief and selves as a background 
for the pioper appiaisement of what is known and also what is still in 
controversy with regard to the etiology of the sarcoid 

Reschin,® as well as Kuznitzky and Bittoi f considered the condition 
as a definite disease entity On the other hand, many mvestigatoi s view 
the saicoid as a symptomatic manifestation of vaiious diseases How- 
evei, the ruling thought appears to be that Boeck’s sarcoid is caused by 
the tubeicle bacillus and that the cutaneous lesion is a manifestation of 
sensitization in a patient whose epithelial cells have previously been sen- 
sitized to a tubeiculous antigen The clinical appeal ances that the lesion 
maj^ assume and its moiphologic vaiiation fiom othei tuberculous lesions 

3 Daner, J Die cutanen und subcutanen Sarcoid Ihre Beziehungen zum 
Sarcom zur L 3 mphodermie, zur Tuberkulose, Monatshr f prakt Dermat 1 419, 
1910 

4 Goeckerman, W H Sarcoids and Related Lesions, Arch Dermat S. S\ph 
18 237 (Aug) 1928 

5 Rescbin, M Universelles benignes Miliarlupoid Boeck’s mit Beteiligung 
mnerer Organe, Arch f Dermat u Sjph 139 30, 1922 

6 Kuznitzky, E , and Bittorf, A Boecksches Sarkoid mit Beteiligung 

mnerer Oigane, Munchen med Wchnschr 62 1349, 1915 
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of the skin clej^encl on the mannei in which the jiarticular patient leacts 
to the tubeiculous antigen An attentive leading of the hteiatuie with 
lefeience to the etiolog}' of the disease seems to favoi tiibeiculosis as 
the oiigin of Boeck’s saicoid Neieitheless, a notable point is scoied 
by those who aie opposed to the hypothesis that the condition is tubei- 
culons They stiess the failure, except in a few cases, to demonstiate 
the acid-fast oiganism in the lesion Those who favoi the theoiy that 
the lesion is tubeiculous point to Kyile’s investigations as indispensable, 
if one IS to undei stand the conditions undei which the lesion is bi ought 
about It was Kyile’s ^ concept that the saicoid is a distinct type of 
foieign body leaction to the bacillus of tubeiculosis and its disintegiation 
pioducts He attiibuted the difficult}'^ of finding the tubeicle bacillus 
in sections of the sarcoid and following its inoculation into animals to 
the fact that the bacillus is of low viiulence and the allergy in such cases 
lathei high Kyile’s micioscopic studies aie illuminating Within the 
fiist ten days, the changes caused by the invasion of the skin by the bacil- 
lus of tubeiculosis consisted of a simple inflammation and the piesence 
of numeious tubeicle bacilli in the mfiltiate At the end of twenty- 
one days, endothelial cells made then appeal ance and became encapsu- 
lated At the same time, the tubeicle bacilli giadually began to diminish 
in iiumbei Aftei thiity-six days, the tubercle bacilli could not be dem- 
onstiated mici oscopically, but the histologic picture desciibed fiist by 
Boeck and consideied by him chai actei istic of the disease was noted by 
Kyile Othei mvestigatoi s who weie able to show the piesence of 
tubeicle bacilli in eaily lesions weie Wende® and Ruete ® 

The inadequacy of the assumption of Kuznitzk} and Bittorf and 
Reschin that Boeck’s saicoid is a disease entity is made obvious by the 
studies of Kyile, Schamnon, Lutz, Bank, Block, Junghng, Jans, Lewan- 
dowsky and Goeckeiman^ These mvestigatoi s are seveial among 
many who found systemic lesions eithei in lungs oi bones (fibiocysts) 
or in some othei anatomic stiuctuie of then patients The piesence of 
tubeiculosis 111 many of the patients and the microscopic and clinical 
lesemblance of the saicoid to tubeiculosis weie consideied by them as 
conclusive eiidence that the cause of Boeck’s saicoid is tubeiculosis, and 
theiefoie the) could not legaid it as a disease entity 

Syphilis as a Came — Most studies of the etiolog) of Boeck’s sar- 
coid aie concerned with the piesence of a concomitant tubeiculosis As 

7 Kyile, J Die Anfangsstadien des Boeckschen Lupoids, Beitrag zur 
Frage der tubcrkulosen Aetiologie dieser Dermatose, Arch f Dermat u Siph 
131 33, 1921 

S Wende G W Nodular Tuberculosis of the H\poderni, J Cutan Dis 
29 1 1911 

9 Ruete, A Zur Aetiologie der Boeckschen Erkrankung, Dermat Ztschr 
37 129 1922-1923 
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a result, the possible presence of systemic lesions is often overlooked 
Frost’s third patient is a case in point The patient had lesions of the 
skin on one of her fingers A loentgenogiam of the chest showed 
increased prominence of the lung maikmgs, leading fiom the hilum to 
an area in the uppei lobe of the left lung In this aiea theie were a 
few disci ete patches of inci eased density fiom about 0 5 to 1 cm in 
diametei The author assumed that these discrete patches of increased 
density weie evidence possibly of active tuberculosis It is generally 
accepted that maimoiation oi infiltiation of the lungs beginning at the 
loots and spieadmg towaid the bases oi upward, and associated with 
deal apexes, is not common in tubeiculosis, but is consistent with syphi- 
lis, and fiom the clinical obseivations and the study of the hteratuie bv 
one of us (D M S ) it was found that when patch}^ discrete infiltra- 
tions of the lungs are associated with Boeck’s sarcoid, they aie sarcoid 
lesions 

Notwithstanding the allusion to tubeiculosis as a single cause, we 
believe, nevertheless, that syphilis shaies m the causative responsibility 
foi some of the cases As in tuberculosis, so in svphihs, the oigamsms 
can be found m early lesions, but seldom, if ever, m late lesions Fui- 
thermore, Ticpouema palhdiim and the tubercle bacillus have one 
point m common, namely, that the) pioduce multiform lesions which 
may lesemble one another The tubeiculosyphihd resembles tuberculosis 
of the skin microscopically and clinically Evolution of the lesion, 
which IS a tuberculous infiltiation of the true skin with gummatous 
material, is by circumferential growth of new tubercles Those first 
foimed disappear, leaving scais without previously ulcerating The 
syphilid is maintained by the successive outciop of new tubercles and 
a single patch may thus be piolonged for years If one accepts Kyrle’s 
explanation of the cause of sarcoid by the tubercle bacillus and its 
disintegration pioducts as a distinct type of foieign body reac- 
tion then It must be conceded that Ti eponcma palhdiim possesses the 
same potentialities under similar favoiable conditions The following 
facts indicate that our patient had syphilis and not tuberculosis In the 
latter disease there is often considerable involvement of the lungs with- 
out dyspnea, but m syphilis of the lungs, dyspnea is a prominent symp- 
tom The productive cough and the expectoiation, which, at times, was 
tinged with blood, would indicate chronic pulmonaiy tuberculosis Yet 
lepeated examinations of the sputum levealed no tubeicle bacilli Inci- 
dentally, the bloody sputum was caused by bionchial lesions, which were 
represented by small hemoiihagic patches, and the exciuciating abdom- 
inal pain and constipation weie due to ulceis of the overlying mucosa of 

10 Frost, K P Sarcoid of Boeck, \rch Dermat S. Sjph 13 3S9 (iMarcn) 
1926 
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the intestines The evidences of syphilis in oui patient, to which we 
attach most weight, were the stiongh positive Wasseimann leaction 
obtained with both the blood and the pleuial fluid, the aieas of peiivascu- 
lai and pei menial mononncleai mfiltiation and the independent collec- 
tions of mononucleai cells m the Inei and elsewheie 



Fig 1 — Boeck’s sarcoid appearing in the car, on the eyelid and on other parts 
of the face 


KEPORT or CASE 

A white man, aged 52, a Russian Jew by birtli and a tailor by occupation, was 
first seen by one of us (M B ) in June, 1926 At that tune, he complained of 
weakness and of the presence of purplish lesions, which had appeared two months 
before, in the ears, on the eyelids and other parts of the face and on the trunk 
A marked cyanosis of the lips and the face suggested a possible polycj themia, but 
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as the red cell count was normal, this diagnosis was discarded When the patient 
was seen two months later, he had grown considerabl}’- weaker, and a productive 
cough and expectoration that at times was tinged with blood had developed He 
was also dyspneic The cutaneous lesions were more numerous and consisted of 
infiltrated plaques, papules and nodules The lesions were firm and elastic and 



Fig 2 — Boeck’s sarcoid appearing on the body as plaques, papules and nodules, 
firm, elastic and purplish 

were purplish Some of these lesions had a reddish tint and presented a delicate 
central telangiectasis None of the lesions show'ed any tendency tow'ard ulceration 
The diagnosis of Boeck’s sarcoid w’as made A section from one of the lesions 
w^as excised, prepared and stained m the usual manner for microscopic stud\ 
The microscopic sections showed the presence of sharply circumscribed, deep 
seated nodules, wdiich w'ere separated from one another by connective tissue 
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septums The cells compiiscd epitliehoid cells -with faintly staining nuclei, bunplio- 
cj'tic plasma cells and a few giant cells 

The evainmation of the chest levealed signs of a bilateral hydrothorax, wdiich 
extended to the fifth rib posteriorly on the right side and to the sixth rib poste- 
riorly on the left side Roentgen examination confirmed the picsencc of the 
bilateral Indrothorax, otherwase the leport was negatne 

The patient’s dyspnea became rapidh worse and tlie pleural fluid w'as aspirated 
In the course of three months, tlie chest w'as tapped twehc times seven times 
on the right side, for a total of 4,585 cc of pleural fluid, and five times on the 
left, for a total of 4,945 cc of fluid The fluid was dark \cIlow and on several 



hig 3 — The nodule as it appeared in the opicardium 


occasions w'as bloody Its specific gra\ity varied between 1 010 and 1016 It W'as 
odorless and sterile on culture Tlie cell count show'cd 795 cells pei cubic 
millimeter, of W'hich the poljmorphomiclear cells constituted 13 per cent, the 
small lymphocytic cells 71 per cent, the endothelial cells 6 per cent and the large 
mononuclear cells 10 per cent Some of the fluid w'as injected intraperitoneally 
into a guinea-pig, but evidence of tuberculosis could not be found three months 
later The Wassermann reaction of the pleural fluid was strongly positive 

Repeated examinations of the patient’s sputum for tubeicle bacilli, spirilla and 
fungi revealed none The chemical analysis of the blood show'cd nonprotem 
nitrogen 37 2 mg, uric acid 6 2 mg, creatinine 1 mg and sugar 101 mg per 
hundred cubic centimeters T he Wassermann reaction of the blood w'as plus 3 
The blood pressure w'as 100 systolic and 80 diastolic The blood count show'ed 
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Fig 4 — The lesion in the intestine, showing disorderly interlacing bundles of 
spindle cells 



Fig 5 — The periphery of the intestinal lesion, showing pigment deposit 
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hemoglobin content 78 per cent, red cells 5,000,000 and ^^hlte cells 12,400 The 
differential count showed pob morphonuclear cells 58 per cent, large lympho- 
cytic cells 35 per cent, small Ijmphocytic cells 6 per cent and eosinophilic cells 
1 per cent The urine was acid in reaction The specific gravity was 1020 
A faint trace of albumin, a few' I13 aline casts and calcium oxalate crystals were 
reported present The patient w'as treated with iieoarsphenamine and bismuth, 
and later w’lth gold sodium thiosulphate, but w itliout anj' therapeutic eftect on 
the lesions of the skin The patient grew' progressively weaker and died of 
bronchopneumonia During the last eight weeks of liis life, he suffered from 
severe, unexplainable abdominal pains and marked constipation 



Fig 6 — The intestinal lesion, showing tvpc of cell and neivly formed capil- 
laries 

Postmoi tem EAamination — Lesions similar to those of tlie skin were found in 
the epicardium, the bronchial mucosa and the mucosa of the ileum 

In the epicardium, they were situated along the course of the coronary vessels, 
especially the coronary sinus The nodules there were elongated, dark red and 
hard, and when incised resembled an organizing blood clot The superficial muscle 
fibers were invaded for a distance of 4 or 5 mm The bronchial lesion was repre- 
sented by small hemorrhagic patches In the intestine, the process was marked 
by thickening of the wall The serous surface was mottled red, slightly opaque 
and lacking in luster The overlying mucosa showed an ulcer 2 by 4 cm in 
diameter, the floor of which was dark red and necrotic and the edges of w'hich 
were elevated and indurated There were many of these ulcers along the course 
of the ileum 
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lilui oscopic Examination — Low magnification emphasized the nodular char- 
acter of the process The cellular arrangemei t \ aned In the centers of some 
nodules, apparentlj' the younger ones, there w ere many large endothelial spaces 
filled wuth red blood cells and much free hemonhage Mononuclear leukocytes, 
plasma cells and eosinophils might be seen in abundance Near the periphery 
were newdy fomed branching capillaries The vascular endothelial cells were large 
and stained deeplj, and the lumen svas broad Betw'een the capillaries cvere a few' 
small mononuclear cells and many large elongated cells some of which behaced 
like fibroblasts and some of which resembled the endothelial leukocyte of Mallorv 
These spindle cells formed bundles, which interlaced in a disorderly manner At 



Fig 7 — A section show'ing the type of cell and the intercellular hyaline con- 
nective tissue 

another stage, the hemorrhagic center wms not seen , prominent capillaries 
embedded m entangled, interlacing bundles of spindle cells formed the entire 
nodule, the latter sometimes subdivided it into smaller secondary nodules Large 
mononuclear leukocytes (so-called epithelioid cells or endothelial leukocjtes) lay 
betw'een the bundles and the capillaries In the periphery, an abundant brownish 
pigment w'as found, most but not all of which became blue when treated with 
potassium ferrocjanide At still another stage, hyalinization occurred It is most 
peculiar that thick hyaline walls developed even m these newlj' formed capillaries 
The hj aline material w'as deposited outside the endothelium as a ring or wnthin 
the lumen, nearly or completely obliterating it Hyaline material infiltrated, so 
it seemed, the mtercapillar> spaces, displacing the many cells seen m other stages 
A stage that we take to be final w'as represented b}' a homogeneous structure, or 
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rhage 



8— The intestinal lesion, showing newly formed capillaiies 


and 


hemor- 
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one made up of coarse, wavy fibrils, between which there were spindle cells, much 
browm pigment and sometimes much hemorrhage 

We are inclined to look on the lesion as progressing in stages in the order in 
wdiich they have been given, but it is far from certain that such is always the case 
The lesions of the skin showed less hemorrhage, but w'ere, in general, like 
those of other parts of the body Those of the pericardium seemed most typical 
In the intestine, they seemed to have started in the submucosa and extended into 
the mucosa, causing ulceration secondarily The underlying serosa w'as thickened 
and hyalinized Yet, in these sections, the musculature was intact, so that the 
process in the serosa was not directly a part of the one seen in the submucosa, but 



Fig 10 — The intestinal lesion, showing sclerosis and occlusion of capillaries in 
the periphery 

probably an older one It is our opinion that the lesion appeared m the bronchiole 
extension from an origin m the adventitia of an associated arteriole The process 
here was the same as elsewdiere 

We noted with interest collections of small mononuclear cells in the sheaths 
of nerves of the epicardium and in the adventitia of arterioles not the seat of a 
definite lesion like that described Similar collections w^ere also found independent 
of nerves or arterioles, in the heart, lungs, kidneys and liver 

Bacterial cultures of the tissues were not made, but sections sfained for bacteria 
(including the tubercle bacillus) revealed none Bacteria of many forms were 
seen in the intestinal ulcer superficially, but not deep in the lesion, therefore, we 
assumed these to be secondary in\aders of a devitalized tissue Sections were also 
examined for Ti eponcma palhdum but none w’as found 
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Other lesions found at autopsy and confirmed by microscopic study were 
bronchopneumonia, chronic aortitis, splenic congestion, fibrosis of the splenic 
capsule and moderate renal sclerosis 

COIIMENT 

It IS leasonable to assume fiom oui study that neither the existence 
nor the significance of the syndiome is as yet appieciated by inteinists 
It is not possible to state the frequency with which the syndrome occurs 
But fioin the peiusal of the hteiature and from the obseivation of 
patients with this condition at clinics and at deimatologic clinical confei- 
ences, it is evident that the malady is not uncommon The leasons foi 



Fig 11 — Tile lesion in the bronchus 


the infrequency of lepoits of patients having systemic lesions aie vari- 
ous We aheady have had occasion to lefei to an instance, and 
undoubtedly there aie many more, in which systemic lesions of Boeck's 
saicoid had been confused with tuberculosis In the j^ast, the cutaneous 
lesions absorbed all the interest and the systemic lesions weie not sus- 
pected, consequently, no search was made for them Then, again, it 
IS not possible, at times, to deteimme the piesence of lesions elsewhere 
without the aid of a postmortem examination A good example of this 
IS had in the case of our patient Incidentally, there is, at the time of 
writing, a second patient in the hospital with definite sarcoid lesions 
The patient's history and the AVassermann reaction of the blood suggest 
syphilis, but the conditions in the chest are suggestive of chronic tuber- 
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culosis Yet repeated examinations of the sputum foi tubeicle bacilli 
1 eveal none It is clear that Boeck’s sarcoid invades organs and tissues , 
it is the cause of a syndrome that may resemble one of a number of 
chionic diseases The resemblance to chronic pulmonary tubei culosis is 
striking, as illustiated by the patient under observation at this hospital 
at the time of ■writing, as well as by the patient repoited herein Clin- 
ically, Boeck’s sarcoid cannot be mistaken for any othei condition, and 
Its presence on the skin should instantly suggest the syndrome in a 
patient whose chest oi abdominal condition cannot answei the require- 
ments of known chronic diseases 

SUMMARY 

The lesion described occurs as hard nodules oi a group of nodules 
in the skin, and in the mucous and serous membianes, fiequently neai 
oi in the adventitia of a small blood vessel The nodule is chai acterized 
giossly by a red or bluish red, which does not disappear on pres- 
suie, but which, in time, may fade to a red brown Studied microscopi- 
cally, the nodule is found in vaiious stages At first, it is hemorihagic 
and IS infiltrated by mononuclear cells Capillaries appear in the periph- 
eiy and extend inward followed by spindle cells and large mononucleai 
leukocytes The spindle cells form entangled interlacing bundles and 
with the mononuclear leukocytes and newly formed capillaiies occupy 
the entile nodule Hyalinization transforms the cellular structure to a 
1 datively acellular homogeneous one containing much iron pigment and 
a few thick- walled vessels 

Areas of perivascular and perineural mononuclear infiltiation and 
independent collections of mononuclears, as seen in the livei and else- 
wheie, are manifestations of syphilis, which the positive Wassermann 
leaction suggests 

If one bears in mind that Boeck’s saicoid is not limited to the skin 
but may occur m the viscera, the diagnosis of Boeck’s sarcoid syndrome 
must be given consideration as one of the possibilities m a patient who 
IS suffering from a chronic ailment 

CONCLUSION 

Boeck’s saicoid is an inflammatory, chronic, infectious gianuloma 
The rational etiologic attitude to assume towaid this condition is that it 
IS caused b}^ syphilis as well as by tuberculosis 
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This repoit is based on a clinical and pathologic study ol fifty-six 
opeiativel} lemoved specimens of malignant gallbladdeis Micioscopic 
sections weie made and stained with hematoxylin and eosm, the coiie- 
sponding case histones weie studied and compaiisons weie made The 
senes does not compnse the total numbei of malignant lesions of the 
gallbladdei removed at the Ma3^o Clinic but only those specimens avail- 
able and suitable foi study The lecoids of the pathologic museum 
show that 14,978 gallbladdeis lemoved at operation weie sent to the 
museum between 1910 and 1927, and that 89 of these were malignant 

iNCiDrNcn 

The incidence of malignancy of the gallbladdei is commonly given 
as ranging fiom 0 5 to 5 pei cent Minphy,^ in one of his clinics, stated 
that carcinoma of the gallbladdei is a laie disease W J Mayo,- in 
an earliei leport on 405 opeiations peifoimed on the gallbladdei and 
biliai}'- passages for all causes, found that 5 pei cent weie foi malignant 
disease Smithies,^ in a repoit of Iwenty-thiee pioved instances of the 
disease, gave the peicentage as 2 3 Eidmann,‘ in a senes of 224 cases, 
found a percentage of 6 7, and obseived that the occiiirence of malig- 
nant lesions of the gallbladdei was about 6 pei cent of that of all 
malignant lesions In his senes the numbei of malignant lesions speci- 
fied in vanous oigans weie gallbladdei fifteen, stomach foity-thiee, 
breast sixty-six, colon and sigmoid twenty-eight, lectiim and lecto- 
sigmoid twenty-nine, cecum twelve, and not specially classified seventy- 
nine (including malignant lesions of the uteius, kidney, tongue, liver 
and thyioid gland) MacCaity,*^ m 1919, published a suivey of 4,998 

Submitted for publication, June 21, 1929 
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5 MacCarty, W C The Frcquenc}' of the “Strawberry” Gallbladders Ann 
Surg 69 131, 1919 



736 


ARCHIVES OF INTERNAL MEDICINE 


gallbladders removed at operation, in that series theie were 24 cases 
of carcinoma, or about 0 5 per cent 

At the Mayo Clinic the relative fiequency of malignancy of the 
gallbladder has diminished from an average of about 5 per cent in 
earlier years to about 0 5 per cent m later years In 1910 theie were 
4 carcinomas in 165 cases m which cholecystectomy was perfoimed, 
and in 1928 there were 5 carcinomas in 1,094 cases, the difference in 
percentage is undoubtedly due to the fact that diseased gallbladders are 
now removed earlier 

AGE AND SEX 

The ages of the patients having malignant lesions of the gallbladder 
varied from 39 to 77 years Carcinoma of the gallbladder is extiemely 
rare before the age of 50 3^ears It is practically unheard of in the 
twenties, but Proescher ® reported malignancy of the gallbladder in the 
case of a man aged 22 Although malignancy of the gallbladder may 
occur at any time m middle age, it manifests itself chiefly m the fifth 
and sixth decades, 74 per cent occurring between the ages of 50 and 60 
Given in half decades, there was one patient between 35 and 40 years 
of age, one between 40 and 45, four between 45 and 50, twelve between 
50 and 55, fifteen between 55 and 60, thirteen between 60 and 65, five 
between 65 and 70, two between 70 and 75, and three between 75 
and 80 

It is commonly reported that women are affected with malignant 
disease of the gallbladder three times as commonly as men Siegert ^ 
found seventy-nine women to fourteen men W J Mayo found about 
the same proportion Erdmann’s cases were all those of women In 
this series there were forty-four women and twelve men, supporting 
the common contention of the 3 1 proportion All but five of the 
women had been pregnant one or more times 

CLINICAL DATA 

It IS commonly believed that the symptoms of malignancy of the 
gallbladder are mostly silent, being chiefly those of the milder types of 
d}spepsia of the gallbladder Although this is true in some instances, 
most patients have a history which is at least suggestive Patients with 
malignant lesions of the gallbladder may roughly be placed m three 
groups The first group, comprising about 70 per cent, has a history 
of repeated attacks of colic of the gallbladder over a period of from 
several to many years, followed by a change in symptoms designating 
the malignant phase, which is usually of from three to six months’ 

6 Proescher, Frederick A Remarkable Case of Carcinoma of the Gall- 
bladder in a Man Tventv-Tvo Years Old, J A M A 48 481 (Feb 9) 1907 

7 Siegert, quoted by Mayo (footnote 2) 
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duration This teiminal stage of disease of the gallbladder is chai- 
acteiized by constant pain m the epigastrium or light upper quadiant 
of the abdomen, vomiting, piofound anorexia, weakness, and pro- 
giessive loss of weight of from 15 to 30 pounds (6 8 to 13 6 Kg ) in 
from tliiee to six months The second gioup, comprising about 22 per 
cent, has symptoms of an appaiently haimless condition of the galh 
bladdei, such as intolerance foi food, gastric distress after eating, 
belching, constipation, sour eructations and a minimal amount of pain 
and tenderness ovei the area of the gallbladder, not associated vith 
weakness, loss of weight or loss of appetite The third group, or about 
9 per cent, has apparently not been conscious of any disease of the 
gallbladder piior to a terminal malignant stage, m which theie is a 
fairly sudden onset of pain, piogiessive loss of weight and maiked 
weakness and anorexia 

Jaundice may be present, depending on encioachment on the biliary 
duct system or extensive involvement of the livei Thirteen of the 
fift 3 "-six patients had jaundice at the time of the examination 

There is usually a fair degree of tenderness in the area of the gall- 
bladder A mass was palpable in twenty-nine cases (55 per cent), 
and seven of the patients had felt the tumoi themselves 

The gastric acids weie available in twenty-three cases Theie weie 
only four in which achloihydria was present, in these cases the aveiage 
total acidity was 15 In the lemaming nineteen cases the average hydro- 
chloiic acid was 32, and the average total acidity was 48 

The blood pictuie in cases of malignant disease of the gallbladder 
IS not that fiequently found in cases of malignant disease m other 
parts of the body, m that anemia is not associated Only five of the 
patients in the series reported heie had a hemoglobin of less than 70 per 
cent, and none had a hemoglobin of less than 60 pei cent The avei age 
hemoglobin for the entire series was 73 per cent (Dare) which is 
consideied within normal limits at the clinic 

Metastasis may take place in the livei, the adjacent lymph nodes, 
or the extrahepatic biliary duct system In 35 per cent of the cases 
there was extension into the hvei and in five of these there was involve- 
ment of the regional lymph nodes Metastasis to regional lymph nodes 
alone was found in eight cases In five there was extension into the 
biliary passages and in one of these the lymph nodes were affected 
Stones were found to be an almost constantly associated factoi In 
Deavei’s® experience calculi weie found in 89 pei cent of cases of 
carcinoma of the gallbladder Couivoisiei ° found that in seventy-four 
of eighty-four cases of malignant disease of the gallbladder, stones 

8 Denver, J B Carcinoma of the Gallbladder, Am J Surg 38 lOS, 1924 

9 Courvoisier, quoted by Mayo (footnote 2) 
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Fig 1 — Adenocarcinoma of the gallbladder 



Fig 2 — Adenocarcinoma of the gallbladder with acini containing columnar 
epithelial cells 
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weie piesent Siegeit stated that in cases in which the neoplasm was 
piimaiy, stones weie piesent in 95 per cent, and in cases in which 
neoplasm was secondaiy, stones weie present in 15 per cent In the 
piesent series, stones weie piesent in fifty-thiee cases (94 per cent) 
Cholec} stectomy only was peifoimed in twenty-nine cases and paitial 
cholecystectomy only in five cases Cholecystectomy with choledochos- 
tomy for lelief of obstruction of the common duct was perfoimed in 
foui cases, and m one of these a poition of the common duct was 
likewise lesected Cholecystostomy only was pei formed in eight cases 
In one case, gastio-enterostomy along with cholecystectomy was neces- 
sary because of pyloiic obstiuction In seven cases the only suigical 



Fig 3 — Gross appearance, squamous cell epithelioma of the gallbladder 

procedure was exploratory operation and lemoval of a specimen foi 
diagnosis Choledochostomy was performed m one case and jej unos- 
tomy in one 

POSTOPERATIVE LONGEVITY 

No record of longevity was available in nine cases Webber,^® m a 
lecent article, graded many of these specimens according to the method 
of Broders and gave the corresponding duration of life in that paper 
Therefore an attempt was not made in this report to compare the grade 

10 Webber, I M Grades of Malignancy in Primary Carcinoma of Gall- 
bladder, Surg Gynec Obst 44 756, 1927 

11 Broders, A C Carcinoma Grading and Practical Application Arch 

Path 2 376 (Sept ) 1926 

1 





Fig 4 — Squamous cell epithelioma of the gallbladder containing epithelial 
pearls 



Fig 5 — Squamous cell epithelium and adenocarcinoma in the same alveolus 
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of malignanc)^ with expectancy of life Twelve patients lived one 
month 01 less, seven lived two months, three lived four months, thiee 
lived five months , two lived six months , three lived seven months , 
one lived eight months, one lived nine months, -one lived less than 
one year, but the exact date of death was not given, three lived one 
year , one lived thirteen months , one lived fourteen months , one lived 
somewhat less than thiee years, three lived four years, and in one of 
these cases the family physician lepoited caicinoma of the liver at 
neciops}, although this was piobably a slow extension fiom the old 
malignant lesion of the gallbladder One patient lived seven years and 
one lived eight }^eais Three patients were alive after fifteen months, 
eight yeais, and fourteen )fears, respectively 



Fig 6 — Papillary adenocarcinoma of the gallbladder 


PATHOLOGY 

Microscopic sections were made and examined, and graded by 
Broders according to the method previously described by him 

The types of malignancy of the gallbladdei in this series aie 
adenocarcinoma, squamous cell epithelioma, papillary carcinoma and 
sarcoma 

Adenocaicinoma occuried most commonly These types consist of 
branching acini of round or oval cylindric cells, some of these sui round 
a central lumen, and others completely obliterate the lumen There 
were foit 3 '--nine belonging to the adenocarcinoma group (figs 1 and 2) 
The malignancy in these cases was graded 1 in four cases, 2 in twenty 
cases, 3 in eleven cases and 4 m fourteen cases 

There were three cases of squamous cell epithelioma (figs 3 and 4) 
These growths contained squamous cells, inti acellular fibers and homy 
eell nests This type of tumor is rare Nicholson,’-- in 1919, leported 

12 Nicholson, G W Three Cases of Squamous-Celled Carcinoma of the 
Gallbladder, J Path & Pact 13 41, 1909 
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three cases of squamous cell epithelioma of the gallbladdei , and sixteen 
others that he reviewed from the literature Various theories have 
been advanced as to the possible causes of this condition, and two that 
have been suggested apparentl}^ deserve serious consideration 1 It 
IS due to misplaced embryonic tissue probably from an esophageal 
anlage 2 It is due to metaplasia, this hypothesis is the more likely 
Metaplasia has been various^ defined as the transition of one tis- 
sue into another of a related kind, or as the formation of different tissues 
from a common paient cell It has been noted m various organs, 
including the skin, gallbladder, stomach, breast and uterus Just what 



Fig 7 — Papillary adenocarcinoma of the gallbladder, illustrating the papillary 
character of the tumor 

initiates the change of one tissue to another of a related kind is not 
known, but apparently chronic inflammation oi irritation is necessary 
for the process Futterer has been able to produce metaplasia in the 
pyloric end of the stomach of rabbits by long-continued irritation 
Normally, squamous epithelium does not exist m the gallbladder or in 
any of the adjacent organs, and so it is only by assuming that these 
tumors arose partly because of the change of the tissue by metaplasia 

13 Caylor, H D Practical Considerations of Metaplasia in Neoplastic Dis- 
eases, J Lab & Clin Med 13 714, 1928 

14 Futterer, G Ueber experemintelle Erzeugung von Magengeschwuren und 
uber Schleimhautwucherungen an deren Randern, Festschr f G E von Rind- 
fleisch, 1907, p 89 
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that then origin can be explained Of such epitheliomas in this senes 
theie was one each of grade 1, 2 and 3, accoiding to Bioders’ system 
of giading There weie two othei specimens, examples of metaplasia, 
which contained both adenocaicinoma and squamous cell epithelioma 
giaded 2 In one of these tumors (fig 5), adenocaicinoma formed a 
poition of a single acinus, and squamous cell epithelioma foimed the 
lemamder of the same alveolus 

There was one case of papillary adenocarcinoma giaded 3 (figs 6 
and 7 ) The relationship between papilloma and papillary caicmoma 
IS piobleniatic About 10 pei cent of all gallbladders have one oi moie 



Fig 8 — Lymphosarcoma of the gallbladder 


papillomas, yet papillary caicmoma is i datively raie Hiuska^^* and 
Ringel,^' however, both leported malignant degeneiation in the papil- 
lomas 

Theie was one case of lyinphosai coma of the gallbladdei, associated 
with stones (figs 8 and 9) The patient was a woman aged 41 In 
1914, Iwasaki reported a case of his own and at that time found 

15 Lubarsch, Otto Die Metaplasiefrage und ihre Bedeutuiig fur die Gesch- 
wulstlehre, Arb a d path anat Abt d k hyg Inst zu Posen, 1901, p 205 

16 Hruska Einen Fall von krebsiger Umwandlung ernes Papilloms der 
Gallenblase, Wien klin Wchnschr 29 1263, 1916 

17 Ringel Ueber Papillom der Gallenblase, Arch f klin Chir 59 161, 1899 

18 Iwasaki, K Ueber das primare Sarkom der Gallenblase, Arch f khn 
Clnr 104 84, 1914 




Fig 9 — Lymphosarcoma of the gallbladder (low power magnification) 
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onl}^ eight other cases in the hteratuie Carson and Smith reported 
a case in 1915, and in 1921 Goldstein was able to find only sixteen 
cases of piimaiy saicoma of the gallbladdei in the literature 

SUMMARY 

A clinical and pathologic stud}^ has been made of fifty-six cases 
of malignancy of the gallbladdei 

The incidence of malignancy of the gallbladder is about 0 5 per 
cent It laiely occurs before the age of 50, and women are afiected 
about three times as commonly as men 

Although the symptoms of malignancy of the gallbladdei aie not 
definite, about 70 per cent of patients have a long histoiy of lepeated 
gallbladdei attacks, followed by a short phase chaiacteiized by constant 
pain, anorexia, vomiting and piogressive weakness and loss of weight 

There is almost never an associated anemia in malignancy of the 
gallbladder In about a sixth of the cases there is achlorhydria, and 
in the remaining cases the aveiage fiee hydrochloric acidity is 32, and 
the average total acidity, 48 

Stones are an almost constantly associated condition m cases of 
malignant disease of the gallbladdei, 94 per cent of gallbladdei s having 
calculi 

The t)^pes of malignancy of the gallbladdei aie adenocaicinoma, 
squamous cell epithelioma and saicoma Adenocaicinoma occuis most 
commonly Squamous cell epithelioma occurs as a piocess of meta- 
plasia, probably from long-continued nutation 

19 Carson, N B , and Smitli, G M Primary Sarcoma of the Gallbladder, 
Ann Surg 62 688, 1915 

20 Goldstein, H I Primary Sarcoma of the Gallbladder, Am J Surg 35 
551, 1921 



CARCINOMA OF THE RENAL CORTEX WITH 
FACTORS BEARING ON PROGNOSIS 
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ROCHESTER, MINN 

Cat cinoma of the i enal cortex presents a complex pathologic problem, 
so complex that since Giawitz,^ in 1884, gave the first accuiate descrip- 
tion of the condition and called attention to the relation of the structure 
of lenal carcinoma to that of the suprarenal gland, observers have 
constantly been attempting to name the entire gioup by some embryo- 
logic, histologic or other descriptive term 

Birch-Hirschfield termed the tumor described by Grawitz “hypei- 
nephroma ” Adami,- on a basis of embryologic development, suggested 
the teim “mesothelioma” Sudeck® took exception to associating the 
tumor described by Grawitz with suprarenal rests, favoring then 
association with lenal adenoma Stoerk* supported Sudeck’s views 
and advanced the hypothesis that hypernephroma might aiise from 
prolifeiations of the adult secreting epithelium of the convoluted tubules 
Wilson and Wilhs ® concluded that there was almost no evidence, 
embiyologic oi histologic, in support of Grawitz’ hypothesis that 
so-called hypernephromas have their origin in supraienal rests, feeling 
lathei that the evidence at hand favored the hypothesis that hyper- 
nephromas originate from islands of nephrogenic tissue (primitive renal 
blastoma) More recently the comprehensive teim, nephroma, was 
suggested to include tumors oiiginating in the kidney At the present 
time, however, the majority of pathologists are inclined to look on all 
epithelial tumois of the renal coitex as carcinoma MacCarty,® Bro- 

' Submitted for publication, June 19, 1929 

1 Grawitz, Paul Die Entstehung von Nierentumoren aus Nebennierengewebe, 
Arch f klm Chir 30 824, 1884 

2 Adami, J G The Principles of Pathology, ed 1, Philadelphia, Lea & 
Febiger, 1909, p 768 , cd 2, 1910, p 807 

3 Sudeck, Paul Ueber die Structur der Nierenadenome Hire Stellung zu 
den Strumae suprarenals aberratae (Grawitz), Arch f path Anat 133 405, 1893 

4 Stoerk, Oskar Zur Histogenese der Grawitzschen Nierengeschwulste, 
Beitr 7 path Anat u z allg Path 43 393, 1908 

5 Wilson, L B , and Willis, B C A Comparative Study of the Histology 
of the So-Called Hypernephromata and the Embryology of the Nephridial and 
Adrenal Tissues, J M Research 24 73, 1911 

6 MacCart\, W C Personal communication 
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dels" and Robeitson® classify them as caicmomas, mostly of renal 
oiigin, and believe that the various pathologic featuies lepresent different 
degiees of cellulai diff ei entiation 

Foulds and Braasch ® have pointed out that two sepaiate groups 
of coitical tumois can be demonstiated pathologically and clinically, 
adenocaicinoma and alveolai carcinoma Those m the group of adeno- 
caicmoraa, or those otheiwise known as hypernephi oma, are charac- 
terized by a highei degiee of cellulai diffei entiation than is found 
in those of the gioup of alveolai caicinoma in which theie is less 
cellulai diftei entiation In alveolai caicmoma, m many instances, theie 
aie solid coids, without lumens, composed of granular or clear cells 
The clinical couise of patients with adenocaicinoma is distinct from 
that of patients with alveolar caicmoma Possibly some of the dis- 
crepancies noted in data concerning such tumois aie due to the com- 
bination in the same tumoi of featuies of adenocaicinoma and of 
alveolai caicmoma 

MATERIAL 

This study compiises a series of 367 cases of caicmoma of the 
kidney seen at the Mayo Clinic fiom Jan 1, 1901, to Jan 1, 1928 
It includes 225 cases repoited by Hunt and Hager in a lecent review 
of 271 cases of malignant neoplasm, seen at the Mayo Clinic between 
Jan 1, 1918, and Jan 1, 1928 Of the 312 patients who underwent 
nephiectomy, 283 have been tiaced Of the fifty-five patients who weie 
submitted to exploiation, only forty-seven have been tiaced In all the 
patients tiaced, the age, sex, symptoms, pathologic features, opeiative 
piocedure, supplemental y tieatment such as that by loentgen lay and 
radium, metastasis, and associated infection have been considered m 
Older to determine then bearing on the postopeiative length of life In 
this paper we shall lefei to the entiie gioup under the name of lenal 
carcinoma We shall designate the less malignant gioup, gen ei ally 
called hypernephroma, as adenocaicinoma, and the moie malignant 
group as alveolar caicmoma 

PATHOLOGY 

Adenocarcinomas of the kidney aie fiequently associated with 
tortuous, dilated superficial veins, these aie often luptured and cause 
tioublesome bleeding during nephrectomy In fifty-one of those patients 
who weie tiaced, the renal caicmomas weie confined to the uppei 
pole, in sixty, they were limited to the lower pole, in tliii ty-nme, the 

7 Broders, A C Personal communication 

8 Robertson, H E Personal communication 

9 Foulds, G S, and Braasch, W F Postoperative Results of Nephro- 
lithiasis, J Urol H 525, 1924 

10 Hunt, V C , and Hager, B H A Review of 271 Cases of Malignant 
Renal Neoplasms, S Clin N Amer 9 149, 1929 
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Carcinoma of the renal cortex presents a complex pathologic problem, 
so complex that since Giawitz,^ m 1884, gave the fiist accurate descrip- 
tion of the condition and called attention to the relation of the structure 
of renal carcinoma to that of the suprarenal gland, observers have 
constantly been attempting to name the entire gioup by some embryo- 
logic, histologic or other descriptive term 

Birch-Hii schfield termed the tumor described by Grawitz “hypei- 
nephroma ” Adami,- on a basis of embryologic development, suggested 
the teim “mesothelioma” Sudeck® took exception to associating the 
tumor described by Grawitz with suprarenal rests, favoring their 
association with i enal adenoma Stoerk supported Sudeck’s views 
and advanced the hypothesis that hypernephroma might aiise fioin 
prohfeiations of the adult secreting epithelium of the convoluted tubules 
Wilson and Wilhs ® concluded that there was almost no evidence, 
embiyologic or histologic, m support of Grawitz’ hypothesis that 
so-called hypernephromas have their origin m suprarenal rests, feeling 
rathei that the evidence at hand favored the hypothesis that hyper- 
nephiomas originate from islands of nephiogemc tissue (primitive renal 
blastoma) Moie lecently the comprehensive term, nephroma, was 
suggested to include tumors originating m the kidney At the present 
time, however, the majority of pathologists are inclined to look on all 
epithelial tumois of the lenal cortex as carcinoma MacCarty,® Bro- 

' Submitted for publication, June 19, 1929 

1 Grawitz, Paul Die Entstehung von Nierentumoren aus Nebennierengewebe, 
Arch f klm Chir 30 824, 1884 
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ders ^ and Robeitson® classify them as carcinomas, mostly of lenal 
oiigin, and believe that the various pathologic features lepresent different 
degrees of cellular differentiation 

Foulds and Biaasch® have pointed out that two separate groups 
of cortical tumois can be deinonstiated pathologically and clinically, 
adenocaicinoma and alveolar carcinoma Those m the gioup of adeno- 
carcinoma, 01 those otherwise known as hypernephroma, are charac- 
terized by a higher degree of cellulai diff ei entiation than is found 
in those of the gioup of alveolar carcinoma m which theie is less 
cellular differentiation In alveolar carcinoma, in many instances, there 
are solid cords, without lumens, composed of granular or cleai cells 
The clinical course of patients with adenocarcinoma is distinct from 
that of patients with alveolar caicinoma Possibly some of the dis- 
crepancies noted in data concerning such tumors aie due to the com- 
bination in the same tumoi of features of adenocarcinoma and of 
alveolai caicinoma 

MATERIAL 

This study comprises a series of 367 cases of carcinoma of the 
kidney seen at the Mayo Clinic from Jan 1, 1901, to Jan 1, 1928 
It includes 225 cases reported by Hunt and Hager m a lecent review 
of 271 cases of malignant neoplasm seen at the Mayo Clinic between 
Jan 1, 1918, and Jan 1, 1928 Of the 312 patients who underwent 
nephiectomy, 283 have been tiaced Of the fifty-five patients who weie 
submitted to exploiation, only forty-seven have been traced In all the 
patients tiaced, the age, sex, symptoms, pathologic features, opeiative 
pioceduie, supplementary tieatment such as that by loentgen ray and 
radium, metastasis, and associated infection have been considered in 
Older to determine their bearing on the postopeiative length of life In 
this paper we shall refer to the entiie group under the name of renal 
carcinoma We shall designate the less malignant group, generally 
called hypernephroma, as adenocarcinoma, and the moie malignant 
group as alveolar carcinoma 

PATHOLOGY 

Adenocarcinomas of the kidney aie fiequently associated with 
tortuous, dilated superficial veins , these ai e often ruptured and cause 
troublesome bleeding during nephrectomy In fifty-one of those patients 
who were tiaced, the renal caicmomas were confined to the upper 
pole, in sixty, they were limited to the lower pole, in thirty -nine, the 

7 Broders, A C Personal communication 

8 Robertson, H E Personal communication 

9 Foulds, G S , and Braasch, W F Postoperative Results of Nephro- 
lithiasis, J Urol 11 525, 1924 

10 Hunt, V C, and Hager, B H A Review of 271 Cases of Malignant 
Renal Neoplasms, S Clin N Amer 9 149, 1929 
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lesions were in the midrenal region , in ten, the entire kidney was 
involved, and in 123 the involvement was in combinations of the regions 
mentioned In 104 patients, the renal capsule was broken through by 
the carcinoma, and the perirenal tissues were involved Extension had 
occuiied into the renal veins (fig 1) in fifty-one cases Metastasis was 
observed in ninety-eight instances 

In advanced and fatal cases, carcinomas become laige, destroying 
most of the kidney and undergoing necrosis and hemorrhagic and 
cystic softening Extension occurs by continuity through the kidney 
The renal pelvis is often encroached on, or the ureteropelvic juncture 
IS obstructed and hydronephrosis results 



Fig 1 — Carcinoma of the kidney, graded 4, with extension into the pelvis and 
veins, associated hydronephrosis, destruction of practically all of the renal sub- 
stance A woman, aged 52 years, had had hematuria ten years and again five 
months before operation She first noticed tumor in the right upper quadrant of 
the abdomen about five months before operation Nephrectomy was performed 
Oct IS, 1925 The patient is now living and well 

In some specimens the histologic structure presents definite tubules- 
closely resembling a renal tubule and lined by dark, granulai cells, 
in others, the structure is the same, but the cells are clear In the 
majority of these carcinomas there is a C 3 ^stic papillary structure (figs 
2 and 3) without distinct tubules and with clear (fig 4) oi granular 
cells In other carcinomas the structure is one of solid cords (alveolar) 
without lumens and with granular oi clear cells Occasionally the 
microscopic picture consists of darkly staining cells arranged loosely, 
like a round cell sarcoma Two or more of these types of tissue are 





Fig 3 — Papillary adenocarcinoma, X 120 
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often presented in different parts of the same carcinoma It is possible 
that a few of the alveolar carcinomas may arise fiom supraienal rests, 
but there is no convincing evidence of this origin Alveolar carcinomas 
are less common than carcinomas of the papillary t^pe In the patients 
who underwent nephrectomy or exploration and who weie traced, the 
proportion of alveolar carcinoma to adenocarcinoma was 43 287 



Fig 4 — Clear, undifferentiated, foamy appearing cells, usually recognized as 
characteristic of hypernephroma , X 200 According to terminology in this paper 
the tumor would be called a clear-celled papillary carcinoma There was almost 
complete destruction of the renal substance m this case The patient lived four 
and a half years after operation 

The lesion involved the right kidney in 169 cases (46 04 per cent) 
of the series, and the left kidney in 196 cases (53 40 pei cent) In two 
instances the side involved was not stated Oui recoids show that 
twenty-six of the 283 patients who underwent nephiectomy and who 
were traced lived ten years oi moie, m fifteen of these, the caicmoma 
involved the right kidney (57 67 pei cent), and m eleven the left kidnev 
(42 31 per cent) 
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RELATION or AGE TO ONSET OF SYMPTOMS AND POSTOPERATIVE 
LENGTH or LIFE IN RENAL CARCINOMA 

In this senes of 367 patients, the aveiage age was 5176 yeais 
The age at which the first symptom appeared and the time that elapsed 
before surgical operation was undertaken had a diiect bearing on 
longevity One hundied sixty-one patients had the first symptom 
before the age of 50, in 203, the first symptom appeared after the 
age of 50, and in thiee the age was not lecorded In 63 per cent the first 
symptom occuired between the ages of 40 and 60 yeais, wheieas in 
37 per cent it appealed between the ages of 50 and 60 years 

In the group of patients who underwent nephrectomy, those who 
were living Jan 1, 1929, had acquiied symptoms earlier m life and 
had come to opeiation earlier than those who died In 192 patients 
who underwent nephrectomy and who aie dead, the aveiage age at 
which the fiist symptom appeared was 50 56 years, the average age 
at operation was 52 years and 6 months, and the average duration of 
postoperative life was 28 months In ninety-one patients who under- 
went nephrectomy and who still aie living, the aveiage age at which the 
first symptom appeared was 47 01 years, the average age at operation 
was 5047 years and the average duiation of postoperative life thus fai 
is 80 months (665 years) 

In the group of foity-seven patients who undeiwent exploiation and 
who weie traced, forty-five aie dead In these the average age at which 
the first symptom occurred coi responds with the average age at onset in 
the gi oup in which nephrectomy was done, that is, 50 84 yeai s How- 
ever, a long peiiod elapsed between the time of appeal ance of the fiist 
symptom and the time when these patients came to operation The 
average age at operation was 53 11 years The average duiation of 
postopeiative life was 1 72 yeais In the two patients living at piesent 
the symptoms appeared earlier, at the average age of 35 years and 
6 months Here again, the time when the patients came to operation 
was delayed, the average age at operation was 41 years The patients 
have lived an aveiage postoperative life of 29 5 months In the cases 
in which exploration alone was possible, a surgical piocedure was not 
undertaken as soon after the onset of symptoms as in the gi oup in which 
nephrectomy was done 

RELATION OF SEX TO POSTOPERATIVE LENGTH OF LIFE IN RENAL 

CARCINOMA 

Of the 367 patients, 116 were women, and their aveiage age was 
5045 years, 251 weie men, and then average age was 52 36 years 

Of the 283 patients who undeiwent nephrectomy and who were 
traced, 191 (67 pei cent) weie men Of these, 132 aie dead, then 
average postoperative life was 29 12 months Fifty-nme men aie living 
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and have thus fai lived 81 11 months Ninety-two (32 pei cent) of 
the patients who underwent nephrectomy were women Sixty are dead, 
having lived an average postoperative life of 26 48 months Thirty-two 
of these ninety-two patients are living and have had an aveiage post- 
operative life of 79 68 months The average duration of symptoms 
before operation in the 191 men was 28 14 months and in the ninety-two 
women, 2664 months The average duration of symptoms and the 
average postoperatn'^e dination of life, both of patients who are dead 
and of patients who still are living, aie less for women than for men 
This suggests that possibl}'^ renal carcinoma runs a more rapid course m 
women 

Of the forty-seven patients who underwent exploration and who have 
been traced, thiity-eight (80 per cent) were men, of whom thirty- 
six are dead after an average postoperative life of 22 38 months 
The two others have been living now for an average postoperative 
life of 29 05 months Nine of these patients (19 per cent) were 
women Of these, all are dead, after an average postoperative life 
of 1141 months In this group of forty-seven patients who were 
subjected to exploration only and who have been traced, the average 
duration of symptoms befoie operation for the men was 35 
months, and foi the women, 9 5 months From these data it will be 
noted that m the group of patients who underwent nephrectomy and in 
the patients who were submitted to exploration, the average duration of 
s)aTiptoms and the average length of postoperative life were much less 
for women than for men That the average duiation of symptoms is 
less for women may be explained by then noting symptoms and receiving 
surgical attention sooner than men , that in spite of this, they should 
have a shorter average postoperative life than men, again suggests that 
m women the malignant process may possibly run a more rapid course 
In the two sexes, the relation of exploration to nephrectomy can be 
expiessed approximately by the following ratios men, one operation of 
exploration to five of nephrectomy, and women, one of exploration to 
ten of nephrectomy That the proportion of inoperable carcinoma is 
less m women than it is m men is probably due again to their seeking 
surgical assistance before the malignant process became locally 
extensive 

REIsATION OF THE DURATION OF SYMPTOMS BEFORE OPERATION 
TO POSTOPERATIVE LENGTH OF LIFE IN ADENOCARCINOMA 
AND ALVEOLAR CARCINOMA 

The average duration of symptoms before operation was longer in 
patients subjected to nephrectomy for adenocarcinoma than in those in 
whom nephrectomy was done for alveolar carcinoma In the 192 
patients on whom nephrectomy was performed, and who died subse- 
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quently, the average dmation of symptoms before operation was 21 73 
months for those who had adenocarcinoma and 17 43 months for the 
corresponding group with alveolar carcinoma In the ninety-one patients 
on whom nephrectomy was perfoimed apd who still are living, the 
average duration of symptoms was 40 97 months for the group with 
adenocarcinoma and 32 5 months for the corresponding group of patients 
with alveolar carcinoma From these data it will be seen that m the 
patients on whom nephrectomy was possible, symptoms were present 
for a longer time m the group with adenocai cinoma than m the group 
with alveolar carcinoma 

In foity-seven patients who were traced, the extent of the pathologic 
process permitted only of an exploiation The average duration of 
symptoms was much longer in these patients than for those in the group 
m which nephrectomy was done , this sti esses the importance of earlier 
operation after the advent of symptoms, if nephrectomy is to be possible 
In the patients now dead who were submitted for exploiation and whose 
conditions were diagnosed as alveolar carcinoma, the average duration 
of symptoms was 41 5 months, this is twenty-four months more than 
the average duration of symptoms in the group with alveolar carcinoma 
in whom nephrectomy was possible In those patients who have died in 
whose cases the diagnosis was adenocarcinoma and exploration alone 
was possible, the average duration of symptoms was 25 37 months This 
IS an average of four months longer than the average duration of 
symptoms in the group with adenocarcinoma in whom nephi ectomy w as 
performed 

In the deceased patients who weie subjected to exploration and 
whose conditions were diagnosed as adenocarcinoma, the average post- 
operative length of life was 2172 months, wheieas in those patients 
whose conditions were diagnosed as alveolar caicmoma, the average 
postoperative length of life was 15 85 months 

' Of the forty-seven patients wdio were submitted to exploration and 
who have been traced, only two are living In both of these the diagnosis 
was adenocarcinoma The average duration of symptoms was 62 5 
months and the average postoperative length of life thus far has been 
29 5 months It may be seen from these data that the postoperative 
course of patients with alveolar caicmoma tends to a moie rapidly fatal 
issue than that of the patients with adenocarcinoma 

FREQUENCY OF SYMPTOMS 

Pam was present at some time as a symptom in 307 of the 367 cases 
(83 65 pel cent) Hematuria occuried at some time m 253 cases (68 93 
per cent) A tumor was noted in 291 cases (79 29 per cent) Weakness 
occurred m twenty-nine cases (790 pei cent) Theie was absence of 
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a history of urinary disorder in eight cases (2 17 pei cent) and absence 
of a history of illness in two (0 54 per cent) 

TUMOR 

The presence of a tumor was noted by patients in fifty-one ( 13 89 per 
cent) of the 367 cases , however, a tumor was demonstrated on general 
examination m 291 of the cases (72 29 per cent) The following data 
emphasize that as the tumor becomes large enough to be palpable and 
finally becomes fixed, the mortality rate is increased Death occurred 
111 thirty-three of sixty-five cases in which a mass was not palpable and 
m seventeen of thirty cases m which a mass was palpable and in which 
mention was not made of mobility or fixation In ninety of the cases a 
movable mass was recorded , sixty-one of the patients are dead, and 
twenty-nine are living In nine cases the mass was definitely 
lecorded as fixed, in eight of these death occurred The relation of a 
large mass to mortality is well demonstrated in the forty-seven cases 
111 which exploration only was carried out, and which were traced , a 
fixed, and in many cases an infiltrating, tumoi was noted m forty-four 
cases Death has occuried in forty-two of these forty-four cases 

THE SITUATION OF THF CARCINOMA IN THE KIDNEY IN RELA- 
TION TO MORTALITY AND POSTOPERATIVE LENGTH OF LIFE 

The carcinoma was situated m the uppei pole of the kidney in 
fifty-one instances, in the lower pole in sixty instances, and it occupied 
the midrenal region (figs 5 and 6) in thirty-nine instances In ten 
instances, the entire kidney was involved The involvement was not well 
defined in 123 kidneys Sixty-six per cent of the patients m whom the 
involvement was noted m the upper pole of the kidney aie dead, 64 
pel cent of those in whom the giowth was in the lower pole also aie 
dead as well as 55 per cent of those in whom the midrenal region was 
involved 

The patients who still are living, m whom the upper pole of the 
kidney was involved, have lived a longer aveiage postoperative life than 
those m whom involvement of the lower pole and midrenal region was 
noted The average postoperative length of life in patients still living 
IS 129 46 months for those patients in whom the upper pole of the kidney 
was involved, as compared with 83 30 months for those with involvement 
of the lower pole of the kidney, and 76 92 months for those with 
involvement of the midrenal region In the patients who died the 
relation of the situation of the tumor to the postopeiative length of life 
IS not so striking The average postoperative length of life is 4044 
months for those patients in whom the upper pole of the kidney was 
involved, as compared with 3809 months for those with involvement 
of the lowei pole of the kidney, and with 39 05 months for those with 
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involvement of the midrenal region Ttimois of the lower pole of the 
kidney may mteifere with renal diamage, favoiing the development of 
a variable degree of hydronephrosis and infection 

SIZE or THE CARCINOMA WITH RELATION TO POSTOPERATIVE 

LENGTH OF LIFE 

The size of the carcinoma beais a rathei distinct lelationship to the 
mortality rate In 161 cases in which nephrectomy was performed the 



Fig 5 — Papillary carcinoma arising from practically the entire convex surface 
of the kidney The patient was a man, aged 59 years, who had a mass in the 
left upper quadrant of the abdomen for two years He died on the eleventh post- 
operative day, infection was a contributing cause 

caicinomas were recorded as large , death occurred m 129 In eighty-two 
cases the carcinomas wei e model ate in size , fifty of the patients ai e dead 
and thirty-two are living In thiity-six cases the caicinomas were 
lecorded as small, ten of the patients ate dead and twenty-six aie 
living In four cases the size of the tumor was not stated The patients 
who had small carcinomas and died lived a much longer postopei ative 
length of life than the patients who had model ate-sized tumois 
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Carcinomas were recorded as large m thirty-siv of the cases in which 
exploration was performed Thirty-fi-\e of the patients are dead In 
eleven cases in which exploration was carried out the size of the car- 
cinoma was not stated 

HEMOGLOBIN IN RELATION TO MORTALITY 

Iiiespective of any other factor, death occuired in 75 per cent of 
sixt}-thiee cases m which the hemoglobin was less than 60 per cent, 



Fig 6 — Adenocarcinoma involving the middle portion of the left kidney, the 
lesion IS encapsulated The patient was a man 45 years of age, who had had inter- 
mittent attacks of pain and hematuria for five weeks He is living and well eleven 
years after nephrectomy 

whereas death occuired m 60 per cent of the 171 cases in which the 
hemoglobin was recorded as being more than 60 per cent Further, 
of 118 cases in which the hemoglobin was less than 70 per cent, death 
occurred in 76 per cent and in 51 per cent of 116 cases in which the 
hemoglobin was more than 70 per cent Thus it will be seen that a 
direct relationship seems to exist between the hemoglobin at the time 
of nephrectomy and subsequent mortality 
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IN'VOLVET^IENT OF RENAL VEINS 

Theie was extension to the renal veins in fifty-one of the cases in 
which nephiectoiny was done, there have been foity-two deaths, and 
among these nine deaths in the hospital In 231 cases, extension to the 
renal veins was not noted, there were 151 deaths, and among these 
t\\ enty-one deaths m the hospital The average postoperative length of 
life in those patients with involvement of the renal veins who aie dead 
was 24 46 months, the corresponding figure for those patients who weie 
without involvement of the renal veins was 24 37 months Among the 
patients who aie living, those patients m whom there was involvement 
of the renal veins had an average postopei ative length of life of 
72 77 months, ivhereas the average postoperative length of life for 
patients still living m whom the renal veins were not involved was 82 09 
months A gi eater peicentage of patients are dead in the group with 
involvement of the lenal veins than in the group without such involve- 
ment, metastasis and subsequent pyelophlebitis played majoi parts as 
contiibutoiy causes of death Extension to the renal veins greatly 
increases the difficulty of accurate hemostasis The veins become iigid 
and friable and lose their elasticity After ligation or clamping of the 
pedicle the contained plug of tissue prevents accurate healing of the 
incised veins One patient died on the fourth postopei ative day from 
secondary hemorrhage that followed the removal of clamps fioiii the 
lenal pedicle 

PERIRENAL INVOLVEMENT 

In 104 of the cases m which nephrectomy was perfoimed and which 
were traced, the perirenal tissues were involved, oi the capsule was 
bioken through (fig 7) There have been eighty-four deaths, twelve 
of which occurred in the hospital, in the other seventy-two cases in 
which death occurred, the aveiage postoperative life was 17 23 months 
In twenty cases of this group, the patients have been living now foi an 
average of 77 2 months No doubt in some of the cases m which the 
patients have lived so long the fixation of the tumor noted at the time 
of operation was the result of inflammatory reaction rathei than malig- 
nant attachment Perirenal involvement was not noted m 179 cases 
Death occuiied m 108 of these, m eighteen of which death occurred in 
the hospital, and m ninety of which the aveiage postopei ative life was 
37 22 months In seventy-one cases in which peiirenal involvement was 
not noted, the aveiage postoperative length of life thus far is 81 15 
months It will be noted here that a much lower moitality late exists 
111 the cases in which perirenal involvement did not occui In eighty-four 
cases the perirenal tissues were involved or the capsule was found 
bioken In twenty-three of these, there was metastasis, and in thiiteen 
there was local recurience of the carcinoma Of the twenty cases in 
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which the patients ai e living in which perirenal involvement was noted at 
operation, metastasis has been reported in only one, and local recurience 
in two This emphasizes the fact that local lecunence and metastasis 
play major paits as factors m mortality 

Twenty-six patients are dead of the group of tw''enty -seven of those 
who underwent exploration and in whom the peiirenal tissues w^ere 
evidently involved oi the capsules broken In this gioup six instances 
of metastasis were noted Metastasis was present m the case of the 
patient wdio is still living aftei exploiation in which the perirenal tissue 
w^as found to he involved 



Fig 7 — Papillary carcinoma 10 by 8 by 6 cm which had perforated the 
capsule and projected into the pelvis The patient was a man, aged 40 years He 
gave a histor}' of pain in his back and intermittent hematuria for fourteen months 
He Ined five j^ears and ten months following right nephrectomy 

The total number of cases in which nephrectomy or exploration 
was performed and in which the perirenal tissues were found to be 
involved or the capsules broken was 131 (tables 1 and 2) , in thirty-one 
of these (23 66 per cent) there was metastasis, and in fifteen (11 45 per 
cent) theie w’-as local recurrence However, in sixty-seven (33 66 pei 
cent) of the 199 cases in which perirenal involvement did not occur 
or in wdiich the capsule was not broken, there was metastasis, and in 
thiity-six (18 09 per cent) there was recurrence The higher percentage 
of recurrences and metastasis which occurred in the cases without 
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peiiienal involvement would seem to indicate that the gross pathologic 
condition is not an exact criterion as to whethei oi not extension has 
occui red 

OPERATIVE PROCEDURE IN RELATION TO MORTALITY AND POST- 
OPERATIVE LENGTH OF LIFE 

Iiiaswii — In the 283 cases m which nephiectomy was perfoimed and 
which were tiaced, the suigical approach was made tlnough a posteiioi 

Table 1 — Recoid of 312 Patients of Whom 283 Woe Tiaced Who Had Adeno- 
caicinoma oi Alveolar Caicinoma of the Kidney and Who Undcizvcnt 
Nephiectomy Between Jan 1, 1901, and Jan 1, 1928 


Males 

Females 

Right 

Left 

Posterior incision 
Anterior incision 
Anterior and posterior incisions 
Type of incision not stated 
Movable tumor 
Fived tumor 
Palpable tumor 
Kidney palpable 
No palpable tumor 
Lesion m lower pole 
Lesion in upper pole 
Lesion median m position 
Lesion involved entire kidnej 
Situation of lesion indeterminate 
Tumor large 
Tumor moderate sized 
Tumor small 
Size not stated 
Extension into renal vein 
No extension into renal vein 
Perirenal tissue involved or cap- 
sule broken 
No involvement 
Forceps on pedicle 
Ligation of pedicle 
Roentgen ray alone 
Roentgen ray and radium 
Radium alone 
No radiologic treatment 
Carcinoma 
Hypernephroma 


Deaths (102) 

A 



Hospital 

Subse- 

quent 

Cases 

Deaths 

Deaths 

132 

24 

108 

60 

0 

54 

SO 

15 

71 

lOG 

15 

91 

125 

IS 

107 

63 

11 

52 

4 

1 

3 

01 

10 

51 

8 

1 

7 

73 

17 

50 

17 


17 

33 

2 

31 

40 

4 

30 

30 

7 

29 

23 

3 

20 

8 

3 

5 

85 

13 

72 

129 

24 

105 

50 

0 

44 

10 


10 

3 


3 

42 

9 

33 

150 

21 

129 

84 

12 

72 

lOS 

18 

90 

25 

7 

18 

107 

23 

144 

51 


51 

12 


12 

8 

1 

7 

121 

29 

92 

25 

5 

20 

107 

25 

142 


Patients Living (91) 

.Jk 


Average 


Average 

Postopera- 


Postopera- 

tive Life, 


tive Life, 

Months 

Cases 

Months 

2912 

59 

8111 

20 48 

32 

79 68 

33 59 

47 

84 61 

22 60 

44 

76 81 

28 88 

71 

76 88 

25 92 

IS 

100 66 

37 00 

2 

33 00 

22 34 

29 

74 68 

20 75 

1 

98 00 

27 28 

10 

87 25 

34 02 

13 

6153 

30 07 

32 

88 93 

38 09 

20 

85 30 

40 44 

15 

129 46 

39 05 

16 

76 92 

50 20 

0 

37 00 

1418 

38 

62 73 

28 37 

32 

87 53 

25 07 

32 

78 68 

43 20 

20 

75 96 

70 

1 

53 00 

20 40 

9 

72 77 

24 37 

82 

82 09 

17 23 

20 

77 20 

37 22 

71 

81 15 

22 33 

5 

85 6 

28 79 

80 

79 97 

24 37 

35 09 

27 

46 03 

10 57 

1 

96 00 

30 61 

63 

9512 

1686 

8 

37 00 

29 67 

83 

84 77 


incision in 196 (69 25 per cent) , through an anteiioi incision in eighty- 
one (28 62 per cent) , and through an anterior and a poster loi incision 
in two cases (70 per cent) In the other four cases (141 per cent) 
the type of incision was not stated 

In the cases in which exploration was pei formed, posterioi incision 
was used m fouiteen cases (29 78 per cent), and an anterioi incision, in 
twenty-nine (61 70 per cent)- The type of incision was not stated in 
four cases (8 51 per cent) In the cases m which exploration was 
performed, an anterior incision was used in 61 70 per cent, whereas m 




760 


ARCHIVES OF INFERNAL MEDICINE 


cases in which nephrectomy was performed an anterioi incision was 
used in only 28 62 per cent Because of the greater risk in the anterior 
incision and also because of technical improvements in the posterior 
incision, the posterioi incision has been used in nearly all cases in the 
last few years 

Pedicle Conti oiled by Foi ceps oi Ligatni e — In thirty cases, nearly 
10 pel cent of the total number in which nephrectomy was performed, it 
was deemed advisable to allow forceps to remain on the vascular pedicle 


Table 2 — Recoid of Fifty-Five Patients, of Whom Foity-Seven Weie Traced, 
Who Had Adenocai cmoma oi Alveolai Caictnoma of the Kidney and Who 
Underwent Exploi ation Between Ian 1, 1901, and Ian 1, 1928 




Deaths (45) 


Patients Living (2) 





Average 


Average 




Subse 

Postopera- 


Postopera- 



Hospital 

quent 

tive Life, 


tive Life, 


Oases 

Deaths 

Deaths 

Months 

Cases 

Months 

Males 

36 

4 

32 

22 38 

2 

29 5 

Females 

!) 


9 

11 41 



Right 

16 

2 

14 

18 25 

1 

280 

Left 

29 

Q 

ZT 

21 76 

1 

310 

Posterior incision 

12 

3 

9 

1211 

2 

29 50 

Anterior incision 

29 

1 

28 

14 29 



4ntenor and posterior incisions 
Type of incision not stated 

4 



77 75 



Movable tumor 

11 


11 

20 45 

1 

3100 

Fixed tumor 

5 

1 

4 

587 

1 

2800 

Palpable tumor 

22 

8 

19 

17 20 



Kidney palpable 

4 


4 

650 



Ko palpable tumor 

3 


3 

76 60 



Lesion in lower pole 

3 


3 

13 30 



Lesion in upper pole 

1 


1 




Lesion miolved entire Lianey 

1 


1 

60 



Lesion median in position 

Situation of lesion indeterminate 

40 

4 

36 

2172 

2 

29 50 

Tumor large 

Tumor moderate sized 

35 

Q 

33 

19 0 

1 

3100 

Tumor small 

Size not stated 

10 

2 

S 

26 37 

1 

28 00 

Extension into renal vein 

4 


4 

462 



No extension into renal vein 

Perirenal tissue involved or capsule 

41 


41 

14 03 

2 

29 50 

broken 

26 

3 

23 

13 47 

1 

3100 

^o involvement 

19 

1 

18 

29 96 

1 

28 00 

Roentgen ray alone 

7 


7 

16 85 

1 

3100 

Roentgen ray and radium 

6 


6 

13 83 



Radium alone 

1 

1 



1 

28 00 

^o radiologic treatment 

31 

3 

28 

28 95 



Carcinoma 

10 

2 

8 

15 85 



Hjiiernepliroma 

35 

2 

33 

2172 

2 

G9 50 


for from seventy-two to ninety-six hours, rather than to attempt ligation 
Twenty-five of the patients are dead, seven of whom died in the hospital , 
hemorrhage was an associated factor in three of these seven deaths in 
the hospital One patient died from hemorihage on the day of operation , 
another, in whom there was a questionable degree of bleeding, died of 
shock A third patient died on the fourth postoperative day and death 
was attributable to secondary hemorrhage Two patients died of sepsis 
One patient died on the fifteenth postoperative day , bronchopneumonia 
and pleurisy were found at necropsy Another patient died on the first 
postoperative day following right nephrectomy In this instance the 
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pleura on the light side was accidentally opened and immediately sutmed 
at the time of nephrectomy At neciopsy the right lung was found to 
be collapsed, and in addition a moderate degiee of pleurisy with effusion 
was present The average postoperative life in cases in which foiceps 
were allowed to remain on the vasculai pedicle was 22 33 months Five 
patients have thus far lived an average postopei ative life of 85 6 months 
This compaies favorably with the results in the group of 253 cases in 
which the vascular pedicle was tied, 167 of the patients are dead, twenty- 
three of whom died in the hospital and 144, subsequently The latter 
patients had an average postopeiative life of 28 79 months Eighty-six 
per cent of the patients in whom the vasculai pedicle was tied had an 
average postoperative life of 79 97 months 

Nephi ectomy and Pnmaiy Ui etei ectoniy — In twelve cases in which 
nephrectomy was performed, the primary opeiation involved tieatment 
of the ureter In ten of -these cases, it was necessaiy to perform 
nephrectomy and partial ureterectomy In one case, nephi ectomy and 
ureterectomy were performed, m anothei, nephrectomy and ineterec- 
tomy were done, the ureterectomy including the portion of the meter that 
IS intramural in the bladder One of these patients letmned later and 
another operation was done for lecurrence Fom of these twelve 
patients are dead, after having lived, respectively, three, eight, eleven 
and forty-six months, an aveiage length of life of seventeen months 
Seven patients are living, one of these patients has lived seven months, 
two patients, one year, and the lemaining four patients, foui years and 
five months, seven years, nine years and five months, and eight years, 
respectively One patient in this group of twelve was not tiaced 

Nephrectomy and Subsequent Vr ete) ectomy — Following nephi ec- 
tomy three patients returned, and subsequent uretei ectomy was 
performed One patient returned because of gross hematuria associated 
with typical, severe renal colic, symptoms which developed ten months 
following nephrectomy Another patient had profuse, gross hematuria 
that occurred at practically every mictuiition , this did not develop, how- 
ever, until five years after the nephrectomy Three months following 
nephrectomy, a third patient suffered from severe lower abdominal 
pain associated with gross hematuria and the passing of small pieces of 
tissue at each micturition One of these patients underwent partial 
ureterectomy, and the microscopic sections showed the adenocarcinoma 
to have infiltrated the ureteral wall This patient lived one year and five 
months following the second operation In another patient, ureterectomy 
was performed, at operation the uieter was found embedded m a mass 
of recurrent adenocarcinoma, the patient lived one year The third 
patient, who required ureterectomy, gave an interesting subsequent 
history Microscopic sections of the ureter levealed adenocarcinoma 
Shortly after ureterectomy, symptoms developed suggestive of tumor of 
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the brain At exploration a specimen was removed from the lesion in 
the brain and was diagnosed as metastatic carcinoma The patient lived 
five years and four months following the nephrectomy 

Judging from this experience, it is doubtful whether removal of the 
entire ureter at the time of nephrectomy would have offered any bettei 
prospects Piobably removal of the upper part of the ureter is indicated 
and is sufficient m practically all cases of renal carcinoma 



F]g 8 — Adenocarcinoma involving lower pole of left kidney, subsequent 
ureterectomy for recurrence five years following the nephrectomy The patient 
died three months after ureterectomy Interim exploration of a tumor of the 
brain proved it to be metastatic 


RECURRENCE 

Definite recurrences were noted in fifty-one cases in which nephrec- 
tomy was perfoimed In six other cases, symptoms and data were 
present vhich suggested recurrence In ten of the fifty-one cases with 
recurrences the patients returned for surgical procedures In three cases 
subsequent ureterectomy was performed (fig 8), and in one additional 
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case there was involvement of the lower thiee ribs on the side fiom 
which the tumor was removed In one case exploration was performed, 
and a duodenal ulcer was found m addition to the local recurience 
Exploration of the wound was perfoimed in two cases, and in thiee 
others tissue was lemoved from the site of operation At the primary 
operation in the cases in which lecuriences developed later, the capsule 
was broken thiough in three cases and the surrounding tissue was 
involved in one case Local recurrences were reported in thirt 3 ^-one 
(23 65 per cent) of the 131 cases m which perirenal involvement was 
noted, or the capsule was reported as broken through by the carcinoma 
at the time of nephrectomy 

METASTASIS 

That carcinoma of the kidney does not remain a local disease, is 
attested to by the following data definite metastasis was noted at 
necropsy m thirty-one instances , in thirteen it was noted at operation , in 
twent} -thiee it was found on subsequent examination and in thirt^-one 
instances data recording metastasis were received from the attending 
physician or from relatives Visceral metastasis occuried in fifty-six 
cases There was involvement of the lungs in thirty, of the livei in 
thirteen, of the brain in five, of the spinal cord in two, of the spleen 
m one case, of the portal vein in one, of the heart in one, and of the 
pleura in three cases Bony metastasis occurred in eleven cases, the 
humerus was involved in three, the sternum in one case, the feinui in 
one, the ilium in one, the spinal column in two cases, the acetabulum in 
one case, the radius m one, and the ribs m one Lymphatic involvement 
occurred in seventeen cases, the renal or adjacent nodes were affected 
in five, the retroperitoneal nodes in five, the aortic nodes in two, the 
mediastinal nodes in two, the axillary nodes in one case, the supra- 
clavicular nodes m one, and the epitiochlear nodes in one In fouiteen 
cases sui rounding structures were involved by direct extension the 
suprarenal gland was involved in two, the ureter in two, the diaphragm 
111 one case, and the peritoneum in three cases , a separate tumoi overlay 
the spinal column in one case, there was intra-abdominal extension in 
three cases, and extension to the sigmoid in two Distant metastasis was 
noted m thirteen of these fourteen cases whereas a definite recurience 
occurred m two cases 

Lungs — Pulmonary metastasis was definite in twenty-four of thiity 
cases in which there was a subsequent history of pulmonary inyolve- 
ment or in which necropsy was performed In this group theie were 
eight deaths m the hospital Necropsy was performed in eight cases, 
pulmonaiy metastasis was noted in both lungs m seven cases and m one 
lung 111 one case Preopeiative roentgenograms failed to demonstrate 
any evidence of metastasis m the eight cases m which necropsy revealed 
that the lungs were involved In the six cases in which pulmonary 
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metastasis ^\as piesent, the patients died within a jear, the aveiage 
length of life was 6 7 months In the remaining ten cases, the patients 
lived from 1 5 to 7 5 years , the average length of their postoperative 
life was SIX }eais In all 186 preoperative roentgenologic examinations 
of the thorax were made One hundred and forty-seven (79 03 per 
cent) were repoited as negative In forty cases (21 50 per cent) there 
was notation of some condition m the chest other than metastasis 

Bumpus recently reported a case in which there was apparent dis- 
appearance of pulmonary metastasis The patient was a man, aged 59 
years, on whom nephrectomy had been performed, Jan 23, 1924 The 
tumor had destioyed half of the renal substance A preoperative roent- 
genogram of the chest was reported as negative for metastasis In 
January, 1925, the patient experienced sharp pain across the chest, 
associated with bloody sputum During the next five months, he again 
noticed bloody sputum on five occasions He gave an additional history 
of three attacks of transitory hemiplegia followed by dragging of the 
left foot A roentgenogram of the chest, April 6, 1925, disclosed 
multiple metastatic areas in both lungs In September, 1925, roentgen- 
ograms of the chest were reported as negative for metastasis, and the 
patient was m splendid health In April, 1928, more than four years 
after nephrectomy, roentgenograms of the lungs were negative for 
metastasis At the present time, more than five years following nephrec- 
tomy, the patient is apparently well 

Nervous System — In five cases in which nephrectomy was per- 
formed, symptoms subsequently developed, suggesting a tumor of the 
brain In two of these cases, the patients returned for reexamination 
In one of the cases the carcinoma of the kidney was reported as fixed 
at the time of operation and was diagnosed as adenocarcinoma Five 
years later, because of recurrence of hematuria, the remaining ureter 
was removed and microscopic examination disclosed adenocarcinoma 
Four months following this, symptoms developed suggestive of tumor of 
the brain Tixploration of the brain revealed a lesion that on microscopic 
examination was reported as hypernephroma In the other case the 
growth at the time of nephrectomy had involved the renal vessels Death 
occurred aftei three years Symptoms developed before death suggest- 
ing a definite lesion of the brain stem The home physician attributed 
the death of another patient of the five to metastasis to the brain At 
the time of nephrectomy four years previously the renal lesion had 
appeared to be encapsulated and had been diagnosed as alveolar carci- 
noma In two of the five case^ symptoms developed later which were 
suggestive of involvement of the spinal cord In one of these, an 

11 Bumpus, H C, Jr The Apparent Disappearance of Pulmonary Metas- 
tasis m a Case of Hypernephroma Following Nephrectomj% J Urol 20 185, 1928 
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operative note was made that all tumor tissue had not been removed 
The patient lived ten months Symptoms and data suggestive of tumoi 
of the brain weie piesent in two other cases m which operation or 
necropsy was not performed 

In three additional cases, not included in the five mentioned, observed 
at the clinic the symptoms were leferable to the brain, and a diagnosis of 
tumoi of the brain was made Necropsy in two of these cases disclosed 
caicmoma of the kidney with definite metastasis to the brain In the 
third case, carcinoma of the kidney was found at neciopsy Although 
an examination of the biain was not made in this case, the cerebral 
symptoms were attributed clinically to metastasis As many of these 
patients have associated infection and aie in the age when aiterioscleiosis 
appeals, it is often difficult to state whethei or not a ceitain syndrome 
IS best explained on the basis of inflammation, cerebral aitenosclerosis 
or metastasis 

ROENTGEN RAY AND RADIUM IN RELATION TO POSTOPERATIVE LENGTH 

OF LIFE 

In addition to nephrectomy, ti eatment with i oentgen rays was insti- 
tuted 111 seventy-eight cases Death occurred m fifty-one of these, after 
an average postopei ative life of 24 37 months In twenty-seven of the 
cases in which treatment with roentgen rays was given, the patients are 
living The aveiage postoperative length of life thus fai has been 
46 03 months Roentgen lays and radium weie used in twelve cases, 
death occuiied m all aftei an average postoperative life of 35 09 months 
Radium was used in nine cases, and death occurred in eight of these One 
patient died while m the hospital, and seven died subsequently after 
having lived an average postopeiative life of 10 57 months One patient 
has been living for ninety-six months 

One hundred and eighty-four patients did not receive ti eatment with 
1 oentgen lays oi radium following nephrectomy Of these 184 patients, 
121 are dead , twenty-nine died in the hospital and the remaining ninety- 
two died subsequently after having lived an aveiage postoperative life 
of 30 61 months The patients in sixty-three of the 184 cases in which 
roentgen rays or radium were not used m addition to nephrectomy are 
living The average postopeiative length of life, thus far, is 95 12 
months 

It will be noted that when roentgen rays oi ladium were not used, the 
postoperative life of the patients still living is much longer than was the 
postoperative length of life in those cases in which treatment by roentgen 
lays and ladium was used The average postoperative life of patients 
who are still living and who did not receive treatment by roentgen rays 
01 radium was 95 12 months, as compared with an average postoperative 
life of 46 03 months foi those patients who are living and who received 
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treatment b}^ roentgen rays alone The patients who died following 
nephrectomy and who did not receive treatment h}'^ either roentgen rays 
or radium, postoperative!}’-, lived an average postoperative length of time 
of 30 61 months, whereas the twelve patients who leceived treatment by 
radium and roentgen rays lived an average postoperative length of time 
of 35 09 months It must be remembered, however, that the cases in 
which treatment by roentgen rays and radium was given were for the 
most part those cases m which all the tumor tissue had not been removed, 
in which the veins were involved or in which, for some reason, the 
prognosis was poor Further, the radiotherapy was not always used 



Fig 9 — Bilateral papillary carcinoma The patient vas a man, aged 65 years, 
who had had hematuria intermittently for ten months Five months previous to 
admission to the clinic he had undergone cj’-stostomy elsewhere and probably a 
tumor had been removed from the bladder Death w'as due to renal insufficiency 
on the fourth daj follow ing nephrectomj 

under supervision of physicians at the clinic, and we are not certain of 
the manner in which it was used 

BILATERAL H\ PERNEPHROMA, HYPERNEPHROMA WITH POLYCYSTIC 
DISEASE AND HYPERNEPHROMA IN AN ECTOPIC KIDNEY 

In one case m which death occurred following nephrectomy for 
adenocarcinoma, necropsy revealed a hypernephroma, 3 5 by 3 by 1 5 
cm , 111 the remaining kidney (fig 9) Hypernephroma occurred in one 
case with bilateral polycystic kidneys At necropsy tbe polycystic nature 
of the remaining kidney was verified In another case m which pcly- 
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cystic disease was suspected, but in which exploration alone seemed 
advisable, the patient lived for 4 5 yeais after operation A latei exam- 
ination of a specimen removed from a region of metastasis m the aim 
revealed adenocarcinoma In one case a huge adenocai cmoma occurred 
m an ectopic kidney The mass had been present for six months, and 
the patient lived one year and nine months postoperatively 

CARCINOMA OF THE KIDNEY ASSOCIATED WITH LITIIIASIS 

In ten of the cases in which nephrectomy was peifoimed m which 
the diagnosis was adenocarcinoma, lenal lithiasis was associated, m eight 
the adenocai cmoma was found incidentally In two cases the diagnosis 
of neoplasm had been made pi eoperatively In four of the eight cases 
in which the malignant condition was an incidental obseivation, the 
patients have lived for eight years each In one case the patient died 
m the hospital In two othei cases, thei e was an associated pei mephi ic 
abscess, and the patients lived 2 5 yeais and 1 5 months, lespectively 
One patient was not traced 

RELATION OF NEPHRECTOMY TO POSTOPERATIVE LENGTH OF LIFE 

In 250 of the 283 cases tiaced in which the patients weie sub- 
jected to nephiectomy, the diagnosis was adenocarcinoma One hundied 
and sixty-seven of these patients aie dead, twenty-five died m the 
hospital, and 142 (63 11 pei cent) died after having lived an average 
postoperative life of 29 67 months In eighty-thiee cases (33 86 pei 
cent) in which the patients are now living, the aveiage duiation of life 
has been 84 77 months In thiity-three of the patients subjected to 
nephiectomy the diagnosis was alveolai carcinoma, twenty-five of these 
patients aie dead Five of these deaths occurred m the hospital, and 
twenty patients (7142 pei cent) died after living an aveiage post- 
operative life of 16 86 months In eight cases (28 57 pei cent) m which 
the patients aie now living, the aveiage duration of life has been 
thirty-seven months It may be noted that a highei percentage of 
patients in the group with alveolai cai cmoma aie dead, that is, 71 42 
pel cent, as compaied ivith 63 11 pei cent for the gioup with adeno- 
cai cmoma The average postoperative length of life in the cases of 
alveolai cai cmoma in which the patients have died was much shortei 
than the length of life in the coiiesponding gioup of patients with 
adenocarcinoma, 18 86 months as compaied with 29 67 months 

The percentage of patients with alveolar cai cmoma and with adeno- 
cai cmoma who aie living is piactically the same, however, the average 
length of life of patients with adenocaicmoma is gieatei than that of 
patients with alveolai carcinoma Patients with adenocaicmoma have 
lived an aveiage of 80 28 months, wheieas those with alveolai carcinoma 
have lived for an aveiage of thiity-seven months The longest post- 
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operative life of an} patient with alveolar carcinoma was six years and 
ten months, wheieas twenty-six patients with adenocarcinoma have lived 
ten years oi more 

ANALYSIS OF THE DATA CONCERNING PATIENTS LIVING TEN YEARS 

OR MORE 

In oidei to determine whether any singular factors might be noted, 
an analysis was made of the data in cases in which the patients are living 
ten years or more after operation In this group of twenty-six patients 
there were eighteen men and eight women The average age of the men 
was 49 77 years and of the women 48 12 years The right side was 
involved m fifteen cases, and the left side m eleven The average dura- 
tion of symptoms before operation for the group was 36 92 months The 
first symptom, in order of frequency, was pain m twelve cases, hematuria 
in nine and tumor in two , pain and hematuria occurred together in two 
cases and in one case the symptoms were not stated A palpable tumor 
was demonstrated in eleven cases The capsule was found broken at the 
time of nephrectomy m two cases, and definite pernenal extension was 
noted in six In thirteen cases the gross specimens were recorded as 
large , m five, as medium, and m seven, as small , the size of one specimen 
was not stated 

These data show certain interesting comparisons in i elation to the 
geneial gioup of patients subjected to nephiectomy In may be noted 
that all the specimens weie diagnosed as adenocarcinoma, the longest 
postoperative life in any case m which the diagnosis was alveolar cai- 
cinoma was six yeais and ten months The average age of the patients 
was two }ears less than the average age for the entiie group of patients 
who undeiwent nephrectomy In this group in which the patients lived 
ten }ears oi moie, the right side was involved more often than the left 
side, wheieas in the general group there were fewer tumors on the 
right than on the left side Forty-two per cent of the patients had 
palpable tumors, as compai ed with 77 pei cent m the entire group The 
percentage of cases in which the renal capsule was broken through or 
in which perirenal involvement was noted at the time of nephrectomy 
IS 30 for the group of patients who lived ten years, and 36 for 
the entire group Of the gross specimens from the patients who lived 
ten years, thirteen (50 per cent) were recorded as large, whereas 161 
gross specimens fiom the general gioup (57 per cent) were recorded 
as large In six cases (23 per cent) the gross specimens from patients 
who lived ten years were recorded as medium Seven (26 pei cent) 
of the gross specimens from patients who lived ten years were recoi ded 
as small whereas thirty-six (13 pei cent) of the speicmens fiom the 
general group were recorded as small In the group in which life 
endured for ten years or more, the percentage of patients presenting 



JUDD-HAND—CARCINOMA OP RENAL CORTEX 769 

Luge and model ate-sized tumors is less than foi the general gioup m 
which nephiectomy was done, wheieas the ntimbei of patients with 
small oiigmal giowths is twice as laige foi the gioup m which the 
patients lived ten yeais as it is foi the geneial gioup 

PROGNOSIS 

Aftei a caieful study of the data which have been set foith, one is 
impi essed with the fact that the pi ognosis is dependent on many f actoi s 
The fiist factoi that should be considered is the degiee of cellulai 
difteientiation in the caicmoma In none of the thiity-thiee cases m 
which nephiectomy was pci formed and in which the diagnosis fiom 



Fig 10 — Papillai}' adenocarcinoma The lesion is well encapsulated, and is 
localized to the upper pole of the kidney The patient was a man, 46 years of 
age, who had had intermittent hematuria for eighteen months befoic operation 
The patient is living and well twenty-two and a half years after operation 

micioscopic examination was alveolai caicmoma did the patient live 
moie than six years and ten months On the othei hand, m twenty- 
six of the 250 cases in which the diagnosis was adenocaicinoma (hypei- 
nephioma) the patients have lived ten yeais oi moie One of 
the patients has lived 22 5 yeais (fig 10) Symptoms aie present for 
a shoitei time, and the postopci ative length of life is less among women 
than among men Patients with small movable tumois may expect 
to live longei than those with extensively fixed tumoi s with involvement 
of peiiienal tissue The hemoglobin at the time of opeiation bears a 
maiked lelationship to the late of moitality A peicentage of hemo- 
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globin of more than 70 offeis a good prognosis Metastasis occuis eaily 
and easily escapes detection, as is well demonsti ated in seven cases with 
pulmonary metastasis m which preoperative roentgenograms of the 
thorax were leported negative, and necropsy shortly after operation 
showed definite metastasis 

Infection has a bearing on prognosis It may be associated with 
obstruction to urinary drainage fiom blood clots, with obstruction from 
stones or with mechanical obstruction from extrarenal pressuie Another 
factor IS the toxemia produced by the infection and by the absorption of 
degeneiating tumoi tissue 

The immediate mortality late for nephrectomy was 9 61 per cent , 106 
patients (51 45 per cent) have lived three years or more (fig 11) , 



Fig 11 — Years of postoperative life of 106 patients with carcinoma of the 
kidney who lived three years or more 

seventy-four patients (35 92 per cent) lived five years or more, twenty- 
six patients ( 12 62 per cent) lived ten years or more One 
patient, already mentioned m another connection, has lived more than 
22 5 years 

SUMMARY 

An analysis was made of 367 cases m which operation was advised 
for carcinoma of the kidney Of this number, 330 have been traced We 
wish to call attention to the fact that this paper includes cases in which 
operation was performed up to Jan 1, 1928 Although insufficient time 
has elapsed since the operations done in recent years to warrant our 
drawing definite conclusions concerning the postoperative course of the 
patients, we believe that the general average of preoperative and post- 
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operative data presents many featmes worthy of recoid Sixty-eight 
and thirty-nine hundredths pei cent of the patients in the entire group 
were men and 31 60 per cent were women The average age of the 
entile group was 51 76 years The tumor involved the light side in 
46 04 per cent of the patients and the left side in 53 40 per cent Hema- 
turia, pain and tumor Avere observed as the three caidinal features 
Hematuria occurred as the first symptom in 43 86 pei cent of the 
cases, pain in 37 32 per cent and tumor in 13 62 per cent Of the 283 
patients subjected to nephrectomy, who were traced, 192 are dead, having 
lived an average postopeiative life of 23 26 months There were thirty 
deaths in the hospital Ninety-one patients are living, having lived thus 
far an average postoperative life of 60 88 months Of forty-seven 
patients subjected to exploration alone, forty-five are dead, having lived 
an average postoperative life of 18 78 months Two are living, one 
having lived thus far for an average postopeiative life of 18 78 months 
Metastasis occuired in seventy cases Recurrence was reported in 
fifty-one cases In the cases of involvement of the renal vein, the imme- 
diate mortality was not appreciably different fiom that observed m cases 
without involvement of the lenal vein However, the number of patients 
who died postoperatively is much higher among those with involvement 
of the renal vein 

Surgical approach through a posterior incision and removal of the 
upper portion of the ureter are significant factors in nephrectomy for 
carcinoma of the kidney 

The value of roentgen rays, radium or both as additional aids to 
surgery is difficult to estimate, since they are used only in those cases in 
which the prognosis is poor, namely, in cases in which there was exten- 
sive involvement of perirenal tissue and in which it was felt that all the 
tumor tissue was not removed Treatment by roentgen ray in some of 
these cases was not always used under supei vision of physicians of the 
clinic 

CONCLUSION 

Carcinomas of the renal cortex are extremely malignant and are 
often well advanced before producing symptoms Alveolar carcinomas, 
or those showing less cellular differentiation, are the most highly malig- 
nant, whereas adenocarcinomas (or papillary adenocarcinomas) are less 
malignant, as judged fiom their clinical course Better end-results are 
dependent on earlier medical consultation by the patient after the onset 
of the initial symptom or sign The end-results, as exemplified in the 
106 cases in which the patients lived from three to 22 5 years, we believe 
justify nephrectomy for renal carcinoma 



EOSINOPHILIC HYPERLEUKOCYTOSIS IN HODGKIN’S 
DISEASE WITH FAMILIAL EOSIN- 
OPHILIC DIATHESIS 


REPORT or A CASE AND REVIEW OF THE LITERATURE 

SLOAN G STEWART, MD 

PHILADELPHIA 

Moderate leukoc3dosis and slight eosinophilia have long been 
legal ded as common components of the clinical picture of Hodgkin’s 
disease In few cases of authentic Hodgkin’s disease, however, has 
theie been recorded an excessive increase in eosinophilic cells of such 
magnitude as to wairant the designation “eosinophilic hyperleuko- 
cytosis ” Such hyperleukocytosis, with absolute eosinophilia, has also 
been mentioned in association with A'^arious othei unrelated diseases 
and has been described independently as an unclassified clinical 
syndrome The following case is reported because, as a case of 
Hodgkin’s disease, it is unique, both in the height of the leukocyte count 
and m the percentage and absolute numbei of mature eosinophils, and 
also, because it offers a possible explanation for this most unusual 
response of the bone-marrow 

REPORT or CASE 

Histoiy — E H, a woman, aged 35, was admitted on Sept 14, 1928, to the 
Umversitj^ Hospital, service of Dr Alfred Stengel, with enlarged nodes m the neck, 
cachexia, and irregular fever Her illness dated back to 1918, when, following 
an upper respiratory infection, a transient swelling of the glands of the right 
side of the neck was first noticed This swelling apparently disappeared and 
recurred at intervals In 1921, another group of glands at the base of the neck 
became enlarged Free use of iodine for several months was without effect 
There was no fever and only slight loss of vitality The weight, at that time, 
was 125 pounds (56 7 Kg ) The condition remained unchanged, except for some 
variation in the size of these nodes, until August, 1925, when quite suddenly there 
appeared a marked swelling of all the cervical glands on the right side This 
condition persisted unchanged In May, 1926, a tonsillectomy was performed 
Microscopic study of the tonsils showed only “chronic inflammation ” In the 
spring of 1927, two nodules appeared in the left popliteal space and shortly there- 
after tender masses m both inguinal regions Treatment with ultraviolet rays 
was ineffectual During the fall of 1927, the patient was given tremendous doses 
of mercury and arsenic, by mouth The reasons for this particular medication 
could not be elicited Following this, the patient suffered a severe dermatitis 
(arsenicaH), lasting several weeks Coincidentally, the glandular enlargements 
entirely disappeared, only to recur to their previous size within a few weeks 

Submitted for publication, July 9, 1929 

’■ From the Medical Division, Hospital of the University of Pennsylvania 
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Weakness and loss of weight then became evident A biopsy on a cervical gland 
in February, 1928, was reported to have shown only a chronic inflammatory 
process Subsequently, all the symptoms of anemia, afternoon fever, severe 
sweats, diarrhea, and loss of strength and Aveight developed in rapid succession 
The glands increased slightly in size, the lumps were noted in the right breast 
and in the abdomen The past history and family history will be considered later 
Physical Exavunafwn — Significant data only are presented The temperature 
was 102 F , the pulse rate, 100, respirations, 22, blood pressure, 108 systolic and 
48 diastolic The weight was 85 pounds (38 6 Kg ) The patient was extremely 



Fjg 1 — Patient E H The massive enlargement of the cervical lymph nodes 
of the right side of the neck should be noted 


emaciated, with a sallow, shiny, yellowish-tinted skin, and was obviously anemic 
and asthenic The most striking feature was the glandular enlargement, as 
illustrated in figure 1 

The glands were quite firm, painless, discrete and freely movable beneath the 
skin All of the cervical glands were enlarged, especially those on the right side 
of the neck A few glands were found in both axillae, in the inguinal and 
femoral regions, in both breasts, and retropentoneally On the right side, the 
inguinal and femoral glands were extremely tender and soft 
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The conjunctivae and mucous membranes were pale Ophthalmoscopic exami- 
nation revealed punctate retinal hemorrhages in both fundi The heart was not 
enlarged A loud blowing systolic murmur was audible everywhere over the 
precordium The pulses were slapping, soft and easily compressible The edge 
of the liver, which was palpable 3 cm below the right costal margin, was firm, 
rounded and smooth The tip of the spleen was easily palpable 2 cm below the 
left costal margin 

Couise — During the three months in the ward, the patient became steadily 
and progressively weaker An irregular temperature varied from a subnormal 
level up to 103 F , and only subsided as a terminal event Chills and severe 
sweats were not infrequent Repeated transfusions maintained the red blood 



Fig 2 — Graphic representation of the differential leukocyte counts m absolute 
numbers, taken at four day intervals, showing the effect of roentgen treatments 

corpuscles at a safe level without improvement A course of roentgen treatments 
was given over the long bones, abdomen and neck glands, and was finally dis- 
continued because of vomiting and weakness The effectiveness in reducing the 
size of the glands and the total leukocyte count were striking, as shown m figure 2 
The retroperitoneal glands disappeared, the cervical glands became smaller, and 
the liver and spleen were perceptibly reduced in size In spite of these encouraging 
results, the retrograde course continued, the liver suddenly became tremendously 
swollen, the heart action became weaker, and moist rales appeared at the bases 
of both lungs Following several convulsions, the patient became comatose, the 
lungs filled with rales, and death ensued on Dec 27, 1928, as a result of cardiac 
collapse The apparent duration of the disease, as estimated from the history of 
glandular swelling, was seven years 
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Laboialoiy Data — The urine showed only a trace of albumin, a few white 
cells and hyaline casts The Wassermann reaction of the blood was repeated^ 
negative Blood chemistry studies were all within normal limits Roentgen 
examination of the chest revealed no definite mediastinal involvement There 
was a low free acidity of the gastric contents The basal metabolic rate was 
-f 3 per cent Skin sensitivity tests for the various foods, pollens and animal 
dander allergens and for arsenic were all negative Because of the condition 
found on study of the blood, careful and repeated examinations of the stools were 
made, but no parasites or ova were seen 



Fig 3 — Blood film (Wright stain) Typical field, showing mature poly- 
morphonuclear eosinophils and two polymorphonuclear neutrophils (A) 


Cytologic Study of the Blood — ^The studies were made by Dr Thomas Fitz- 
Hugh, Jr , of the department of hematology of the Hospital of the University of 
Pennsylvania The observations of greatest interest in this case were the hyper- 
leukocytosis and the persistent, high eosinophilia Figure 2 shows an average 
total leukocyte count of more than 100,000 before roentgen treatments were insti- 
tuted, and an analysis of the differential count reveals a percentage of eosinophils 
varjung from 72 to 90 The pol 3 'morphonuclear neutrophils averaged 18 per cent 
and the lymphocytes, 4 per cent 

After the roentgen treatments, there was a progressive decrease in leukocytes 
to 20,000, with a gradual rise again after it was discontinued In spite of this 
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precipitous fall in the leukocjte count, the differential count remained unchanged 
By a comparison of the total number of each type of cell, it is apparent that the 
eosinophils account for the hj perleukocvtosis, whereas the neutrophils, l>mpho- 
cjffes and large mononuclears are onlj'- slightly increased m total number abo\e 
the proportion found m the majority of cases of Hodgkin’s disease 

Practically all of the eosinophils were typical mature cells, with two or more 
lobulations of their nuclei, and large, highly refractile red granules of equal si7e 



Fig 4 — Cross-section of spleen, showing nodular masses and diffuse fibrosis 


filling the cytoplasm A few of the neutrophils were of the young type, classi- 
fied as metamyelocj tes, but no true myelocytes were seen m any of the examinations 
of the blood 

The red blood cell count was characteristic of a rather severe secondary 
anemia, averaging 2,800,000 cells, with a hemoglobin content of 45 per cent (Sahli) 
There was moderate anisocjtosis and poikilocytosis The platelet count remained 
around 130,000 In spite of frequent transfusions, there was only a slight 
improvement of the blood picture The hemoglobin rose from 34 to 55 per cent, 
and the red blood cells from 2,400,000 to 3,000,000, with a decrease in amsocytosis 
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—Significant data only are given Autopsj was performed by Dr 
George Robson, of the department of pathology of the Unnersity of Penns 3 dvama 
Gross Examination The spleen weighed 250 Gm and measured 11 by 10 b} 

5 5 cm The surface was firm and smooth, and mottled with dark red blotches 
Cut sections showed diffuse fibrosis Scattered through the organ were a number 
of gra} ish-white tumor masses, composed of soft, friable tissue definitely circum- 
scribed and from 1 to 12 mm in diameter 

The liver weighed 1,630 Gm and measured 23 by 19 by 8 5 cm The con- 
sistency was normal The cut surface showed nutmeg mottling with pale yellow 
zones m the periphery of each lobule The suprarenals weighed 3 9 and 5 6 Gm 
Both were smaller than normal and showed marked hpoid exhaustion 

The architecture of the kidneys was grosslj normal Engorged medullary 
rays formed a striking contrast with the pale, mottled cortex The abdominal 
lymph nodes were composed of chains of enlarged nodes along the iliac vessels 
extending up along the aorta and vertebrae where the nodes were larger and 
partially fused The lower portion of the aorta and the upper portions of the 
ihac vessels were embedded m rather firm tissue which, on cut surface, showed 
enlarged lymph nodes of somewhat indistinct outline, and surrounded by white 
bands of fibrous tissue Along the bodies of the lumbar vertebrae, especiallj 
on the right side and extending up to the diaphragm, there was a large grayish 
mass made up of fused lymph nodes After removal of parts of the lumbar 
vertebrae, there was seen an actual invasion of this tissue through the periosteum 
into the bodies of the vertebrae to a deptli of from 4 to 6 mm The lumbar 
muscles, which were m contact with the paravertebral mass, were also involved 
The lymph nodes about the celiac axis and m the mesentery and omentum were 
all slightly enlarged and quite firm The superficial glands have been described 
The femoral bone-marrow was a uniformly dull grayish red 
Microscopic Sections Numerous sections of I}mph glands taken from various 
parts of the body showed different stages and degrees of the same process In a 
slightly enlarged pinkish-gray mesenteric node the lymph cords were intact, but 
the sinuses were dilated and lined hy swollen endothelial cells The sinuses con- 
tained many actively phagocytic large mononuclear cells, apparently derived from 
their endothelial lining by desquamation, together with rather numerous red cells 
and eosinophils The lymph cords were intact but showed a few large pale 
endothelioid cells, closely packed lymphocytes, a few plasma cells, and numerous 
eosinophils Occasional giant cells of the Reed type were seen This picture 
of the highly cellular stage of Hodgkin’s disease, with complete loss of typical 
architecture, was presented bj^ most of the glands Some, however, showed more 
advanced stages with dense fibrosis and small scattered cellular areas, composed 
of endothelioid cells and Ij'mphoc} tes, but with relatively few eosinophils All 
intermediate states between the highly cellular and the densely fibrotic types were 
represented 

Sections from the large grayish tumor-like paravertebral mass showed a um- 
formh cellular structure devoid of any of the architecture of a normal lymph 
node but resembling the cellular type of node alreadj' described These sections 
were especialh rich m eosinophils and showed giant cells of the Reed type The 
adjoining muscle was diffusely invaded 

A section from one of the lumbar vertebrae which was in contact with the 
para\ ertebral mass also showed invasion The bone was completel}' destroyed, 

except for a few spicules, and was replaced h\ a cellular tissue of identical’ 
structure 
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The capsule and trabeculae of the spleen were relatively normal The red 
pulp was strikingly engorged with blood and the dilated sinusoids lined by swollen 
endothelial cells Numerous eosinophils were seen m the sinusoids The follicles 
w'ere inconspicuous The general pulp showed no evidence of Hodgkin’s disease 
The nodular lesions, noted m the gross description, proved to be fairly definitely 
circumscribed but nonencapsulated cellular lesions of a structure identical with 
that of a paravertebral mass Small necrotic and hemorrhagic areas were also 
present 

Many of the central arterioles w'ere remarkable in appearance, because of a 
proliferative endo-arteritis frequently associated with thrombosis This had pro- 



Fig S — Lymph node (eosin-hematoxyhn stain) A typical Dorothy Reed cell 
in the center of a field closely packed with lymphocytes, numerous large pale 
endothehoid cells, and eosinophils 


duced partial or complete occlusions in the affected vessels This change was also 
present m the small arteries of the lymph nodes, kidney and liver, but was most 
pronounced m the spleen 

The architecture of the liver w^as normal Passive congestion, parenchymatous 
degeneration, fattj infiltration and, in certain periportal areas, Hodgkin’s tissue 
were seen 

There w'as cloudj sw'elhng and passive congestion of the kidneys In the outer 
zone of the cortex, in the interstitial tissue, were found small, dense collections 
of cells, similar to those found m the lymph nodes 
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Ihcrc was luUc adipose tissue in the bonc-mairow It was composed almost 
entirely of active hemopoietic tissue with a predominance of the cells of the 
granulocytic senes Iherc were many cosmophihc myelocytes and phagocytes 
filled with deposits of hemosiderin Ihcrc was nothing to suggest Hodgkin’s 
granuloma in the sections of bone-marrow 

A note by Dr Ilcrhcrl Fox, Dirccloi of the William Pepper Laboratory, Hos- 
pital of the University of Pennsylvania, staled “A review of the sections reveals 
that the lesions arc certainly consistent with the diagnosis of lymphogianuloma 
of the Hodgkin’s type Ihcrc is one lymph node devoid of Hodgkin’s histology, 



hig 6 — Smear of lionc-mai row (Wnghl stain) illustrating engorgement with 
eosinophilic myelocytes 1 he scattered cosmophihc grannies should be noted 


but it shows a very definite rcticulo-cndothchal hyperplasia, possibly a pait of 
this pioccss, possibly due to some other unexplained cause 1 here is a noteworthy 
change in the small blood vessels in all tissues It is .i tendency to productive 
meso- and eiulo-artcritis, with a tendency to thrombus formation 

The most striking cellular chai actor of all this tissue is cosmophilia Where 
the lymphogramilomatous tissue is most cellular and least fibious, and piobably 
tliat part wheic it is the youngest, the cosmophilia is the richest The bone 
mairow is hjpei plastic in the myeloid senes and eosinophils arc the most numerous 
single cells ” 
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COMMENT 

Clinically and histologically, this case was one of Hodgkin’s disease, 
but it diffeied from Hodgkin’s disease in its remarkable eosinophilic 
hyperleiikocytosis Only a few cases showing similar hematologic 
manifestations have been repoited, but no authentic case of Hodgkin’s 
disease showing such a marked eosinophilic diathesis was discoveied 
m the literature The problem of great interest is the interpi etation 
of tne blood pictuie in this case 

For a quarter of a century, since Goldman ^ first observed eosino- 
phils m the lymph glands in a case of Hodgkin’s disease, eosmophiha 
has been recognized as an integial part of the histologic picture in this 
condition The presence of eosinophils was emphasized by Sternberg, - 
Reed,® Longcope and others, although the diagnosis of Hodgkin’s 
disease may be made with equal certainty in their absence It seems, 
therefore, that eosmophiha m the majority of cases is a specific 
reaction of the bone-marrow in Hodgkin’s disease 

Excessive eosmophiha, somewhat comparable to the author’s case, 
has been recorded as occurring in supposedly true cases of Hodgkin’s 
disease in few instances The most marked cases that have been found 
1 epoi ted in the medical literature are those listed in tables 1 and 2 Only 
two of these approximate the case reported here m the magnitude of the 
eosmophiha 

It IS not impossible, m view of the similaiity to the author’s 
case, that some of these cases may belong to the Hodgkin’s group 
The diagnosis of eosinophilic leukemia has been suggested, but not 
accepted, as a clinical or pathologic entity Admitting, for the sake 
of discussion, that eosinophilic leukemia exists, one could make out a 
case for this diagnosis m this patient (see Di Fox’s note) Against 
this view, however, are the following obseivations (1) the typical 
Dorothy Reed cells which weie found m most of the biopsy and 
autopsy material examined in the patient, (2) the absence of mye- 
locytic eosinophils in the blood stieam, and (3) the fact that one of 
the laige tumors of the lymph nodes failed to show the maiked 
infiltration with eosinophils that characterized the other tumors, and 

1 Goldman, E E Beitrag zu der Lehre \on dem mahgnen Lympliom, Cen- 
tralbl f allg Path u path Anat 3 665, 1892 

2 Sternberg, C Ueber eine eigenartige unter dem Bilde der pseudoleukamie 
verlaufende Tuberculose des Rmphatischen Apparates, Ztschr f Heilk 19 21, 
1898 

3 Reed, D M On the Pathological Changes m Hodgkin’s Disease, with 
Especial Reference to Its Relation to Tuberculosis, Johns Hopkins Hosp Rep 

' 10 133, 1902 

4 Longcope, W T On the Pathological Histology of Hodgkin’s Disease, 
\Mth Report of a Senes of Cases, Bull Aver Clin Lab 1 4, 1903 
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that one would postulate as necessaiy if this case weie tiuly one of 
cosiiiophihc leukemia It is assumed, therefoie, that this case is 
acceptable as a pioved case of Hodgkins disease The chief problem 
IS to account foi the lemaikable eosinojdiihc diathesis 

Tablc, 1 — ft om (he Lttei atm e 


Name 

nunlinR Bull Tohns Ilosplvins IIosj> 2" 
173, 1014 
Bunting 

Barron Tr Sect Bract Med , 1928, p 309 
Bonanno Boliclinico •!'{ lOOS, 1920 
DiinnicI Wien Arch i inn Med t3 2S3, 1920 
Lincoln Boston M & S .T IIS 077, 1908 
Pepper Bull Ayer Olm Lab 4 22, 1007 
Webei and Bode Lancet 2 800, 1027 


White Blood 

Percentage of Absolute Number 

Cells 

EosmophiUa 

of Eosinophils 

<20,000 

68 

13,000 

30,000 

36 

10,800 

OS.OOO 

44 

24,200 

29,000 

es 

19,720 

10,000 

20 

4,160 

49,000 

08 

33,320 

28,000 

16 

4,480 

11,000 

60 

5 600 


Table 2 — Fuithct Lttoaiy Rcvwtv^ 





Percent 

Absolute 

Percent- 



White 

ago of 

Number of 

age of 



Blood 

Eosino- 

Eosino- 

Myelo- 

Autlior 

Diagnosis 

Cells 

phils 

phils 

cytes 

Glan/mann Boutschos Aich f 

Lymphogranuloma 

183,000 

S3 

00,390 

20 

khn Mod 118 02, 1915 

tosa 





GifUn Am J M Sc nS 019, 

Posmophllln with 

211,000 

90 

189,900 

02-07 

1919 

splenomegaly 





Shapiro Tr Neiv Tort Path 

Fosinophilic 

230,000 

79 

180,400 

005 

Soc 10 73, 1919 

louLcmm 





McDonald and Shaw Brit M 

Eosinophilla with 

138,000 

so 

110,400 

0 7-4 7 

J 2 900, 1922 

splenomegaly 



Bass Am J M Sc 170 410, 

Eosinophilla with 

25,000 

04 

10,000 

0 

1925 

splenomegaly 



Stillman, M Rec Si 594, 1912 

Myelogenous leu 

105,000 

09 

113,830 

1 8 


Kcmla with 
eosinophilla 





Alo\nnder ,T Lab & Chn 

Atypical myeloid 

150,000 

34 

51,000 

02 

Med *) 803, 1924 

leulvcmm 



.S'ehmldV-Wcyland Med Klin 

Eosinophilio leu- 

90,000 

67 

00,300 


21 1707, 1925 

kemia 



Sibley Bnt J Dermat 27 

Lympl adenoma 

28,150 

39 

10,978 


52, 1915 




Rhcinbach Arch f khn Ohh 

Lymphosarcoma 

120,000 

48 

57,000 


4G 480, 1893 

Aubcitm and Gnou'v Picsso 

Aycua’s syndrome 

70 


20,000 

18,200 

mu] 29 314, 1921 



Dungcr JIunehen med Wchn 
schr 

Caicinom i o£ colon 

31,330 

60 

21,198 


Illy and Evans Quait T Med 

(1) Acute eosino- 

72,187 

S3 

59,915 

38 5 

1 107 (Tan ) 1929 

philic leukemia 
( 2 ) Eosinophilic 

50 

40,375 

23,187 



crythroleukemia 




* This table presents another small group of cases of lymphogranulomatous type •with 
coinpniable hcmocytologic manifestations In this table ar^ also included several unrelated 
cases with the same tjpo of blood picture 


Webei and Bode advanced the theoiy that lymphogi anulomatous 
involvement of the intestinal tiact might have caused “a protective 
alleigic reaction against absoibed foieign piotein, or abnoimal piod- 
ucls of albuminous catabolic metabolism within the body” The 
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case of Schmidt-Weyland offered a similar explanation Many cases, 
however, have been leported which showed extensive gastro-intestinal 
involvement by tumor without eosmophiha McDonald and Shaw and 
Aubertm and Giroux suggested chronic anoxemia as a factor in the 
production of eosmophiha Giffin stressed the chemotactic theory 
on the basis of toxemia with chionic infection Lincoln, in his leport 
of a case of Hodgkin’s disease, hinted that the dyspnea in his patient 
might possibly have been true asthma and that the excessive eosino- 
phiha cotild have been explained on an allergic basis 

In cases like the one here reported and those referred to, in which 
the tremendous eosinophilic hyperleukocytosis is so far out of proportion 
to the usual picture of primary pathologic change, it seems not 
unreasonable to believe that other factors may have been mtioduced 
Therefore, all the usual causes of eosmophiha weie investigated in 
relation to this patient, Mrs E H Some interesting information was 
thus brought to light 

From the age of 2 to 7 yeais, the patient had frequent attacks of 
severe bionchial asthma At the age of 7 the seizures stopped 
spontaneously and did not recur In spite of the fact that a laige 
number of skin tests showed no leaction, an alleigic phenomenon must 
be considered as one of the probable factois m the explanation of the 
eosmophiha This lead naturally suggested the importance of 
investigating the patient’s relatives and her family history from the 
standpoint of alleigy The patient’s paternal grandmother had severe 
asthmatic attacks for many years Her mothei had chionic eczema 
of the scalp She piesented herself for examination of the blood and 
was found to have from 5 to 6 per cent of eosinophils on thiee separate 
occasions Two of the mother’s bi others have had chronic eczema for 
years No blood studies were obtained The patient’s brothei has 
eczema and 6 per cent eosmophiha Finally, the patient’s son, who has 
had uiticaiia, showed from 7 to 8 pei cent eosmophiha on three 
sepal ate occasions 

This is an unusual example of allergic manifestation in four 
generations of a family, with abnormal blood eosmophiha in three 
generations Only five case repoits of so-called familial eosmophiha 
were found in the hteiature In 1911, Khnkeit'^ recorded the case of 
a family of six, the father and five children, with eosinophil counts of 
from 7 to 15 per cent, and with h)'^persensitivity to foods, urticaria, 
angioneurotic edema and asthma Fanton*'' recentl}'^ leported eosmophiha 

5 Klinkert, D Das Problem der konstitutionellen Eosinophilic, Ztsclir f 
klin Med 89 156, 1920 

6 Fanton, E So-Called Eosinophil Diathesis, Clin pediat 10 295 (Maj) 

1928 
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in a father and daughter with no alleigic histoiy Gaugain " obser\ed a 
family in which the mothei had 19 pei cent eosinophils and thiee 
childien, 10, 14 and 15 pei cent, respectively, without any demonstrable 
cause Olio’s® report was that of a healthy man with 66 per cent 
eosinophils, whose bi other and children showed an eosinophilia of 
from 6 to 15 per cent Lastly, the case of Bastai was that of a girl, 
aged 17, whose mother and sistei had an eosinophilia of 33 and 32 per 
cent, 1 espectively, and who heiself, had 27 pei cent Duiing the course 
of an acute infection, the eosinophilia lose to 51 per cent 

An additional cause of eosinophilia in this patient may have been 
the deimatitis which followed massive aisemcal theiapy, even though 
the deimatitis had disappeaied long befoie the patient came undei 
observation It is well known that dermatoses, in general, and arsenic 
poisoning, m particular, frequently produce eosinophilia 

SUMMARY AND CONCLUSIONS 

A case of Hodgkin’s disease is presented, with report of the autopsy, 
which showed a tremendous eosinophilic hyperleukocytosis together 
with a marked increase of eosinophils m the bone inariow and the 
affected lymph nodes The literature is reviewed The exaggerated 
eosinophil response in this case is apparently due to (a) a well estab- 
lished familial allergic background, (&) a familial eosinophilic diathesis, 
(c) a personal allergic background, (cf) the specific eosinophil 
stimulating effect of Hodgkin’s disease itself and (e) the added 
effects of arsenic therapy 

7 Bezanqoii and Moreau L’eosinophihe dans le diatheses et les etats ana- 
phylitique, Refeience to Gaugain’s Family, Ann de med 2 85, 1914 

8 Cino, L Sopra un caso di cosidetta eosinofiha constituzionale, Riforma 
med 42 219, 1926 

9 Bastai, P Della eosinofiha constituzionale, Haematologica, 1923, part 1 

10 Latham, J R Exfoliative Dermatitis Due to Arsphenamine, JAMA 

73 15 (July 5) 1919 Moore, J E, and Foley, FEB Serious Reactions from 
Salvarsan and Diarsenol Brands of Arsphenamin, Unusual Blood Pictures, with 
Report of a Fatal Case, Arch Dermat & Syph 1 25 (Jan ) 1920 
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Die Bedeutung des Retikuloendothelials\ stems fur das Streptokokken- 
SEPSISPROBLEM By Prof Dr N Louros and Dr H E Scheyer (der 
Staatlichen Frauenklmik Dresden) unter Mitwirkung von Dr A Schmechel 
and Dr E Gaessler Price, 14 marks Pp 96, with 13 illustrations and 
4 colored plates Leipzig Georg Thieme, 1928 

Stimulated by their interest in puerperal fever and septic abortion the authors 
undertook a systematic investigation of the general problems of septicemia caused 
by Sfreptococccae This monograph summarizes the results of their experimental 
work on white mice in which several strains of streptococci of various degrees 
of virulence were employed Attention was directed particularly to the reticulo- 
endothelial system in an effort to gam a better understanding of its role in com- 
bating such infections 

Certain morphologic and tinctorial changes in the cells of the reticulo-endothelial 
system are described, which the authors consider indicative of their functional 
capacity as a defense mechanism In a search for agents which can stimulate 
the reticulo-endothelial system to heightened activity an enormous number of experi- 
ments were performed in which the microscopic observations were correlated with 
the ultimate outcome of the infection 

It was found that “blockade” with trypan blue and colloidal iron rendered mice 
more susceptible to infection The parenteral administration of aqueous solutions 
of certain carbohj drates and of mineral salts and the feeding of vitamins was 
ineffective On the other hand, various proteins and protein degradation products 
markedly increased the animal’s resistance Manganese chloride alone, of the heavy 
metal salts, had a similar though less striking effect So did certain of a large 
series of lipoids and acid and alkaline buffer solutions, though still less marked 
Roentgen irradiation in proper doses also rendered mice somewhat less susceptible 
Various combinations of these methods of treatment were tried with the hope that 
a summation of beneficial effects might result, but they were all unsuccessful 

Immunization with killed and living cultures in proper doses rendered mice 
resistant to lethal doses of organisms No immunity followed the injection of 
small numbers of streptococci into subcutaneous ajar foci In many instances mice 
could be immunized against infection with toxm-producing strains by previous 
treatment with filtrates of old cultures, but the immunity was strictly strain specific 
Vaccination with nontoxm-producing strains failed to raise the resistance to inocula- 
tion with toxm-producing strains Antitoxic and antibacterial horse serums 
prepared by various commercial firms failed to protect, and in fact, one such serum 
seemed to increase the susceptibility of recipient animals to infection with the 
homologous strain 

The authors have performed an enormous number of experiments in a systematic 
fashion and they might ha\e presented their results in a somewhat more convincing 
form The number of protocols, for instance, is negligible It is surprising that 
no cognizance is taken of the recent work of certain American investigators, 
particularly that of Swift and his co-workers, which is pertinent to some of their 
immunologic observations 

Old Age By Aldred Scott Warthin, Professor of Pathology at the 
University of Michigan Price, $3 New York Paul B Hoeber, Inc , 1929 

The author describes the curve of life as made up of three periods an ascending 
portion corresponding to the period of growth, a plateau of from IS to 20 j'ears 
representing maturity, and finally, a descending curve corresponding to retrogression 
and terminating in senescence The biologic purpose of life is reproduction, “a 
potential immortality of its kind ” Senescence begins at 60 with evidence of body 
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changes, but frequently without deterioration of the mental faculties The only 
escape from senility is death from disease Rejuvenescence is impossible The 
increase in the span of life only increases the number of persons who reach this 
undesirable state With this gloomy aspect, the reader looks forward with anticipa- 
tion to the last chapter which deals with old age, the miseries and the methods 
of making the most of an undesirable condition To those who reach this period 
with retained mental faculties added to the ripe evpenence of years, there may be 
much happiness, especially if the victim has been able to acquire hobbies which 
keep the mind young In the author’s description of senility, nothing gruesome 
has been omitted 

In this book, the author has given one the unvarnished truth The person 
appioachmg three score, who reads this last chapter before retiring, is not apt 
to have pleasant dreams After all, the author is a pathologist and not a practicing 
physician His impressions of old age are obtained largely from the morgue 
The physician, however, who is familiar with the family life, realizes that old age 
IS not so gruesome A picture of this period, with loving children, friends and 
grandchildren, is attractive and often inspiring 

La rrsioPATOLOGiA clinica n sperimentali: della lipemia By Michele 
Bupano Paper Pp 300 Milan Soc An Istituto Editonale Scientifico 

This IS an excellent review of a difficult subject The work is paper bound 
and of 300 pages without illustrations It is the best monograph on the fats 
in many years, and should be made available to American readers 

The fatty acids, cholesterol, lecithin and all the lipoids are included in the 
studies, and the material is excellently coordinated so that the best possible insight 
IS given into the little known field of the lipoids The first few chapters cover 
the chemistry of these bodies in detail, and the various quantitative methods recently 
devised for their estimation There follow chapters on the changes m the blood 
fat and various lipoids under physiologic conditions, such as starvation, exercise, 
feeding, etc A serious attempt is then made to draw deductions from these data 
as to the metabolism of these substances and their physiologic significance While 
exception might be taken to many points here brought up, it is probably the best 
that can be done m the present confused state of the problem 

The rest of the monograph is divided into a series of chapters on the fats 
and hpoids in various pathologic conditions m which they are known to be 
disturbed The search through the w'orld’s literature has been thorough, and 
there is often added significant experimental work by the author The diseases 
thus studied and reviewed include among many, diabetes, blood dyscrasias, 
nephropathies, neoplasms and infections 

William Harvey By Archibald Mallock Price, $1 50 Pp 103, with 18 
illustrations New York Paul B Hoeber, Inc , 1929 

This small volume of 100 pages is presented as a sketch of the life of William 
Harvey In an age when the demand for condensation and selection is insistent 
and full biographies are not apt to be generally read, particularly by medical 
students and practitioners, a volume of this character meets an actual need While 
Plarvey and his work are, of course, inseparable, the author deals not so much 
with the evolution of his scientific achievements as with the sort of man Harvey 
was His early training, contemporary influences and historical setting are 
delightfully depicted One sees the master going about his daily work absorbed 
m his thoughts on the physiology of the circulation and exhibiting certain amusing 
idiosyncrasies m behavior, but by no means insensitive to the movement of life 
about him One gathers the impression that while he was conscious of the impor- 
tance of his own contribution to medicine, he was possessed of the dignified 
modesty characterizing all the truly great spirits of the past 

The book is well illustrated and contains an extensive bibliography It 
constitutes a valuable addition to the series of pocket biographies put out by the 
same publishers 
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L’uremie convulsive Par le Docteur Henri Thiers, Interne des Hopitaux, 
L 3 'on Paper Pp 226 Impnmerie Bose Freres et Riou, 1928 

This book can be recommended to those who desire to read m good French 
a review of past and present opinions of French observers of uremia in general 
and the occurrence of uremic convulsions in particular Little mention is made 
of contributions not written in French Twelve cases observed by the author are 
related In his conclusions he states that convulsions may occur in any renal 
condition capable of producing uremia, but comments on their rarity in tuberculous 
and “surgical” diseases of the kidney Convulsions often occur after diminution of 
edema and are more frequent in persons with history of previous nervous ailments 
or of syphilis Stress is laid on the diagnostic importance of lumbar puncture as 
meningeal and cerebral diseases often are associated with or may simulate uremia 
Thiers states that the cause of convulsive uremia remains entirely unknown but 
attaches some importance to Blum’s ideas of “uremic cerebral dysminerahzation ” 
He IS puzzled, however, by the constancy of chloride retention m all kinds of 
uremia and by the rarity of convulsions 

Gallenserretion und Gallenentleerung By Dr D Adlersberg Price, 
S marks Pp 76, with 4 illustrations and 12 tables Leipzig Franz Deuticke, 
1929 

The author publishes in monographic form his clinical and experimental 
observations on the secretion and flow of bile, citing the literature as it bears 
on the subject under discussion He finds that pituitary m man has, at the same 
time, a cholekinetic and an anticholeretic action, and has considerable diagnostic 
significance m disease of the biliary passages He records his studies on bile 
sediment after the administration of “decholin” and attaches diagnostic significance 
to his results He reviews his results following the use of various therapeutic 
agents on diseases of the biliary passages, citing numerous cases Every one 
interested m the study and diagnosis of disease of the biliary ducts should have 
a copy of this monograph at hand 

Practical Clinical Laboratory Diagnosis By Charles C Bass and 
Foster M Jones Third edition Price, $7 50 Pp 187 Baltimore 
Williams & Wilkins Company, 1929 

The material covered by this book has been chosen rather arbitrarily, as has 
also been the case in the method selected for each test For instance, a method 
IS given for determination of blood sugar, but none is included for any determina- 
tion of blood protein Only one counting chamber is described and that is not 
to be found universallj’^ While fourteen pages are devoted to blood counting, 
no mention is made of the simple theory pertaining thereto The material which 
IS presented is given clearly although verbosely Not a few of the many illustra- 
tions are valueless though technically good The book should serve best medical 
students with a limited premedical and preclinical training 
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JMTE OF EVACUATION OF VARIOUS FOODS FROM 
'JHE NORMAL STOMACH 

A PRrUMINARY COMMUN3CA1ION ' 

MALCOLM J WILSON, MD 
W II DICKSON, MD 

AND 

A C SINGLETON, MD 

fOUONrO, CANADA 

Since the lime of Beaumont it has been known that proteins pass out 
of the stomach more rapidly than fats, and that cai bohydi ales aie 
evacuated still moi c quickly As the hypotheses advanced m explanation 
of these difierenccs appeared to be inadequate, it seemed to us advisable 
to do some fuilher woik on this subject, especially with refeience to the 
question why fats aic held m the stomach so much longci than cai bohy- 
di ates Dining the couise of the investigation, the differences in 
behavioi of substances having little or no food value excited and letained 
oui Intel est 

Beaumont’s obseivations on the lime of evacuation of cai bohydi ales, 
liioteins and fats, have been confiiraed by many woikers employing 
vaiious methods Pen^oldt ^ passed stomach tubes in a number of men 
Pavlov “ and his pupils used dogs with duodenal and other kinds of 
fistulas Cannon^ made roentgen obseivations on cats, estimating the 
degree of gastiic emptying fiom the length of the shadows in the 
intestine FeimU killed dogs at definite inteivals aftci meals, and 
weighed the diied gastiic lesiducs McChiie, Reynolds and Schwailz 
mixed barium sulphate with food, and observed the passage fluoroscopi- 
cally in man They found that all substances commence to leave the 
stomach as soon as ingested, but that the total evacuation of some mate- 
iials was much slowci than that of otheis Flawlc, Rehfuss and 
Bcigcim® passed small tubes into the stomachs of human subjects, and 

' Suliniitlcd foi publication, May, 1929 
From llio Department of Medicine and the Department of Radiolopy of the 
Univeisity of 7oionto 

1 Pcnroldt, F Deutsches Arch f khn Med 51 S35, 1893 

2 Pavlov, I P The Work of the Digestive Glands, cd 2, London, 1910 

3 Cannon, W B Am J Physio) 20 283, 1907 

4 Fermi, C Arch f Physiol, 1901, supp, p 1 

5 McClure, C W , Reynolds, L, and Schwartr, C O On Behavior of 
Pyloric Sphmctci in Normal Man, Arch Int Med 2G 410 (Oct) 1920 

Hawh, P B , Rehfuss, M E, and Bergeim, O Am J M Sc 171 3*59, 
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removed small portions of the meals at intervals They found the 
average evacuation time for 100 Gm of beef to be three hours, pud- 
dings, two and one quarter hours, bacon, four and one half hours, etc 

Pavlov, and later Cannon, explained the differences in the rate of 
evacuation by the hypothesis of the acid control of the pylorus This 
hypothesis was, m brief, that any acid in the antrum opened the pyloric 
sphincter, whereas the presence of any acid in the duodenum resulted 
in closure of the pylorus until such time as the duodenal contents had 
been neutralized On leaving the stomach, carbohydrates aie neutral 
and proteins are distinctly acid, whereas fats are broken up into fatty 
acids and glycerol qn arrival m the duodenum This hypothesis, there- 
fore, fitted in with the known facts and seemed to explain satisfactorily 
the differences observed 

Support of the acid control hypothesis was found in the work of 
Lintwarew,^ who placed fat in the duodenum and observed that gastric 
evacuation was thereby markedly slowed It is of interest to note that 
Edelman ® failed to find the same effect with petrolatum Marbaix ” 
found that the emptying of the stomach was delayed when he placed 
milk or egg yolk in the jejunum Tonnis and Never recently showed 
that any free acid, fatty or otherwise, when injected into the duodenum 
caused closure of the pylorus, whereas neutralized fatty acids had no 
such effect Procaine hydrochloride abolished the reflex closure 

The following observations, however, raised doubts as to the truth 
of the acid control hypothesis McClure, Reynolds and Schwartz ® 
observed that neutralizing the duodenal contents had little effect on the 
rate of gastiic evacuation, and further showed that the pylorus opened 
and chyme enteied the duodenum “on the approach of each antral 
peristaltic wave ” In Cannon’s own experiments the chyme left the 
stomach as peristaltic waves approached the pylorus, though not with 
every wave Baird, Campbell and Hern found that acid in the 
duodenum did not close the pyloius Sick and Tedesco placed acids 
and alkalis in the duodenum and observed no change in gastric or 
pyloric activity Carlson and Litt,^^ employing an improved balloon 
method, found that any substance, acid, alkaline, or neutral, when placed 

7 Lintwarew, S J Biochem Central 1 96, 1903 

8 Edelman, J A , quoted by Babkin, B P Die aussere Sekretion der Ver- 
dauungsdrusen, ed 2, Berlin, 1928, p 824 

9 Marbaix, O Cellule 14 251, 1898 

10 Tonnis, W , and Never, H E Arch f d ges Physiol 207 24, 1925 

11 Cannon, W B Am J Physiol 1 359, 1898 

12 Baird, M M , Campbell, J M H, and Hern, J R B Guy’s Hosp Rep 
74 23, 1924 

13 Sick, K, and Tedesco, F Deutsches Arch f khn Med 92 416, 1908 

14 Carlson, A J, and Litt, S Visceral Nervous System Reflex Control of 
P 3 dorus, Arch Int Med 33 281 (March) 1924 
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in the duodenum caused closuie of the pylorus Finally, Baisony and 
Hortobagyi showed that strong acid in the duodenum inhibited gastric 
emptying, but not because of pyloric closure The delay was due to 
depiession of the peristaltic waves of the stomach 

As It becomes evident that acid contiol is not the only factoi, oi 
even the principal influence, m determining the rate of the emptying 
of the stomach, more and moie is attention being tuined to the mechan- 
ical foices involved, and especially to gastric peiistalsis It theiefore 
becomes of interest to consider the factors which are known to influence 
peristalsis and gastric evacuation, and the following is a paitial list 
of these 

The physical state of the foodstuff is of consideiable importance, 
as giuel leaves the stomach more rapidly than dry cai bohydrates (Hed- 
blom and Cannon ^"), and large lumps of meat aie retained much longer 
than minced meat (London^®) Postuie and exercise have maiked 
effects (Neilson and Lipsitz,^® Dickson and Wilson , changes m the 
caibon dioxide content of the blood have a great influence (Dickson and 
Wilson), also the rate of utilization of glycogen (Bulatao and Carl- 
son emotions (Cannon,^^ Bennett and Venables,-^ Flughsoii"®), 
fiactures of bones (Alvaiez-*), colonic irritation (Fledblom and Can- 
non,^® White smoking, drinking water with meals (Ivy "°) and many 
drugs such as strychnine, atropine, caffeine and alcohol It is highly 
probable that other influences will be found to affect both peristalsis 
and the rate of emptying, and it is possible that the inci eased fat m the 
blood after a fat meal (Neissei and Braeunmg,-^ Blooi may be one 
of these 

15 Barsony, T , and Hortobagyi, B Arch f d ges Physiol 210 300, 1925 

16 For a more extensive review of the work on this subject, see Alvarez 
The Mechanics of the Digestive Tract, ed 2, 1928, p 175 , also Babkin Die 
aussere Sekretion der Verdauungsdrusen, ed 2, 1928, p 802 

17 Hedblom, C A , and Cannon, W B Am J M Sc 138 504, 1909 

18 London, E S Experimentelle Physiologic und Pathologic der Verdauung, 
Berlin, Urban & Schwarzenberg, 1925, p 52 

19 Neilson, C H , and Lipsitz, S T The Eftect of Various Procedures on 
the Passage of Liquids from the Stomach, JAMA 64 1052 (March 27) 1915 

20 Dickson, W H , and Wilson, M J J Pharmacol & Exper Therap 24 
33, 1924 

21 Bulatao, E , and Carlson, A J Am J Physiol 69 107, 1924 

22 Bennett, T I , and Venables, J F Brit M J 2 662, 1920 

23 Hughson, W Reflex Spasm of Pylorus and Its Relation to Diseases of 
Digestive Organs, Arch Surg 11 136 (July) 1925 

24 Alvarez, W C The Mechanics of the Digestive Tract, ed 2, 1928, p 197 

25 White, F W Am J M Sc 156 184, 1918 

26 Ivy, AC Am J Physiol 46 420, 1918 

27 Neisser, E , and Braeunmg, H Ztschr f exper Path u Theran 4 747 
1907 

28 Bloor, W T J Biol Chem 23 317, 1915 
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METHOD 

In this investigation, roentgen observation of the human subject was adopted 
as the method which best met our requirements All the experiments were per- 
formed on four young men who had no symptoms of gastro-intestinal or other 
disease, and whose stomachs had previously been found to be normal on fluoro- 
scopic examination All had fasted for at least four hours preceding the experi- 
ments The subject was given a meal containing 40 Gm of barium sulphate made 
up to 240 cc , with the substance to be investigated Fluoroscopic observations 
were made during the consumption of the meal, with the object of determining 
how soon the food commenced to leave the stomach Subsequent observations 
were made at one and one-half, three and four and one-half hours after begin- 
ning the ingestion of the meal, and at each examination an estimate was made 
of the percentage of the barium remaining in the stomach The results are 
expressed as the percentage of the meal which had been evacuated from the 
stomach 

In some instances the meals emplo 3 'ed were patterned on those described by 
McClure, Reynolds and Schwartz ^ 

Standardization has been achieved in the amount of barium, the volume and 
temperature of the meal, the time of the day and the day of the week on which 
it was consumed, and the amount of exercise of the subject If the subject had 
a “cold in the head,” or otherwise did not feel well, the experiment was deferred 
Nearly all the observations of the percentages in the stomach were made by one 
of us (A C S ), and all were checked by one of the others We are therefore 
confident that any errors due to method have been reduced to a minimum It 
is probable that no change has occurred in the motility of subject D’s stomach 
during the four j^ears that this investigation has been in progress, for a meal of 
thick oatmeal porridge consumed March 21, 1929, behaved in every respect almost 
exactly like a similar meal taken March 4, 1925 

The observations with respect to meals consumed by two or more 
subjects are summarized m table 1 A further senes of experiments 
was performed on subject D, and all the observations on this person 
are shown in table 2 

COMMENT 

Any discussion of gastric emptying must of necessity bring up the 
question of the physical forces which are concerned m that emptying 
Among these forces are gravity, the contraction of the stomach as a 
whole and gastric peristalsis It is not our intention to discuss this 
question m this papei It can be stated, however, that with one excep- 
tion, m the experiments here recorded, no bai lum was evei seen to enter 
the duodenum except on the approach of a gastric peristaltic wave The 
single exception was m the case of the meal containing 30 Gm of 
A¥itte’s peptone The fiist mouthful passed through the stomach, 
pylorus, duodenum and upper part of the jejunum m the course of 
a few seconds, then the shadow was halted in the region of the pyloiic 
sphincter, and no further emptying occurred until five minutes later, 
when peristalsis had become established 
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For our present purpose, therefoie, we shall assume that gastiic 
peristalsis is the principal force concerned in normal gastric evacuation 
The role of the pyloiic sphincter m influencing noimal gastiic 
emptying is another question that we shall not discuss here In all our 

Table 2 — Observations on Subject D ' 


MiDutes Percentage Out in 

to Pirst , * \ 

Swal- Lenv- 1% 3 4% 

Meal low ing Hrs Hrs Hrs Comment 


ThicL porridge 3 

Thick porridge 2 

Thick (7% hours after 3 

porridge(400 cc 32 per cent cream 2 


Thick porridge, plus 1 3 ce hydrochloric 3 
acid (3S%) 

Very thick porridge, plus 1 3 cc hydro 3 
chloric acid (3S%) 

Thick porridge, 200 6m , washed bran, 4 
24 Gm 


Bread, 40 Gm , dates, 100 Gm 3 

Meat 140 Gm , ground, lean, baked 5 

Codfish, boiled, 160 Gm 5 

Egg white, raw, 225 Gm 1 

Egg white, raw, 220 Gm 1 

Egg white, cooked, 190 Gm 5 

Gelatin, 15 Gm , white of egg (1) 2 

Witte's peptone, 30 Gm m water 1 

Witte’s peptone, 70 Gm in water 1 

4.sparagin, 35 Gm , in water 1 

Cream 32% 1 

Cream, 32% 1 

Cream plus tube 1 

Cream plus tube 1 

Cream plus 0 5 Gm hydrochloric acid 1 

Cream plus 5 Gm NaHCOs 1 

Bacon, 120 Gm , plus 5 egg yolks 5 

Olive oil 1 

EiQuid parafiBn 1 

I/iquid parafiin, 195 cc , 32% cream, 45 cc 1 
Liquid paraffin, 150 cc , salt free butter, 1 
90 Gm 

Bran, washed, 37 Gm , wet 12 

Bran, washed, 30 Gm , wet 25 

Bran, washed, 25 Gm , wet 7 

Bran, unwashed, 38 Gm , wet 12 

Agar, 15 Gm in w ater 5 

Cabbage, ground, thrice boiled 2 


Spinach, ground, thnce boiled 3 


4 

75 

90 



4 

75 

95 



5 

65 

85 

100 


6 

75 

so 

85 


5 

60 

90 

100 


22 

10 

75 

So 


38 

35 

60 

70 


3 

60 

95 



7 

40 

SO 

90 


20 

30 

85 

95 

85 

Contains no carbo 
hjdrates 

5 

30 

65 


3 

75 

85 

90 

But through sieve 

41 

65 

95 



5 

60 

90 



% 

90 

95 



10 

30 

60 

85 

Very viscid 

1 

75 

100 



1 

75? 

SO 

85 

Severe cramps 

1 

25 

40 

70 

Severe cramps 

1 

10 ? 

60 

95 

Tube m duodenum 





continuous suction 

1 

25 

76 

100 

Tube in duodenum, 
no suction 

1 

10 ? 

75 

85 

Tree acid, 0, total 





acid, 40 

1 

26 

40 

SO 


12 

10 

30 

95 


1 

25 

50 

60 

Severe cramps 

2 

SO 

100 


No discomfort 

% 

75 

100 



% 

60 

80 

90 

Contains approx 





same amount of 
butter fat as 32% 





cream 

904- 

0 

20 

35 

Contains 3 per cent 
carbohydrate 

51 

20 

35 

50 


80 

2 

25 

40 

More finely divided 





than above 

32-1- 

20 

35 

50 

Contains 50 per cent 
carbohydrate 

19 

40 

65 

85 


25 

25 

60 

70 

200 Gm wet weight 





contains no carbo 





hjdrate 

28 

60 

90 

100 

240 Gm wet weight 





contains no carbo- 


hydrate 


* Tlie first column gives the time in minutes taken to swallow the meal The second 
column shows the time after the commencement of ingestion that barium was first seen In 
the duodenum The other three columns give the percentage of the meal which has left the 
stomach in one and one-half, three and four and one-half hours, respectively Each meal 
totals 240 cc and contains 40 Gm of barium sulphate 


observations, however, except m the experiments with bran, every 
peristaltic wave of any considerable depth effected an expulsion of 
barium into the duodenum, provided that baiium was m contact with 
the sphincter Shallow waves at the commencement of the meal ma)’’ 
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not cause emptjmg for one or two minutes, and toward the end of an 
experiment the remaining barium may be seen in a narrow band along 
the most dependent part of the greater curvature when the subject is 
standing and hence ma} not be evacuated even by deep peristaltic 
waves Our impression is that the pyloric sphincter behaves as a part 
of the gastric musculature, being strongly contracted only on the arrival 
of a peristaltic wave, and that normally it has no independent influence 
on evacuation in the stomach 

The question of the effect of acid on gastric evacuation is too 
involved for adequate discussion here The following points, however, 
seem vorthy of note For man} years we have observed that, in 
patients with organic lesions or functional disturbances meals consisting 
of buttermilk and barium sulphate have been associated with shallow 
peristalsis, p}lorospasm, and retarded gastric evacuation, as compared 
with watery suspensions, or meals of barium and whole milk The 
p}lorospasm is usually temporar} ‘seldom persisting for more than from 
five to ten minutes 

In tw'o experiments on subject D, porridge meals were made strongly 
acid w'lth hjdrochloric acid The results were inconclusive, after one 
meal shallow' peristalsis and retarded evacuation were observed, w'hile 
observations following the other were normal 

Fdhng of the Stomach — In order to understand the passage of a 
meal through the pyloric sphincter, it will be necessary to consider the 
manner in which the meal traverses the stomach in order to reach the 
sphincter ]Meals of different consistency behave differently in this 
respect A liquid meal such as cream, weak peptone solution or liquid 
paraffin at once forms a narrow' streak along the w'hole length of the 
stomach from the cardia to the pyloric sphincter As swallowing con- 
tinues, the stomach widens A meal of this type w'as commenced at 
4 30 and finished at 4 30 40 (fig 1) 

A more solid meal, however, at first forms a ball at the cardiac end 
of the stomach, and then this mass becomes pointed and slowly descends 
to the region of the pylorus The meal of spinach for example behaved 
as shown in figure 2 

This meal w'as commenced at 3 30 and finished at 3 36 (compare 
Groedel 

The Initiation of Peustalsis — Peristalsis of the stomach was visible, 
in the case of nearly all liquid meals, within one minute of the com- 
mencement of ingestion, and continued to be visible until only a small 
quantity of barium remained in the stomach On the other hand, after 
a more solid meal, such as ground lean meat, codfish or cabbage, no 
peristaltic w'aves could be seen until the “head” of the meal had reached 


29 Groedel, F M Die Magenbewegungen, Hamburg, 1912 
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the pyloric sphincter Thus peristalsis commenced much earlier with 
liquid meals than with solid ones The nature of the initial stimulus to 
peristalsis is a mattei of considerable interest, but at present we can 
only speculate on this problem It cannot be due to the presence of 
material in any part of the stomach, for in one experiment in wdiich 
bran w'^as used the meal filled the whole of the stomach, including the 
pyloiic part, for at least forty-five minutes without a tiace of peristalsis, 
and Rogers and Martin have shown that peristaltic waves can occur 
when the stomach contains nothing but the normal gas bubble It can- 
not be due to absorption from the stomach, for peristalsis commenced 
immediately after the ingestion of barium and liquid paraffin, w Inch are 
not absorbed 

The Depth of Penstalhc Waves — With all fluids the w’^aves w^ere 
shallow for a minute or so, and then became deeper , later they became 



folloiving the ingestion of a liquid meal 


cop pjp 

Fig 2 — Appearance of stomach at 3 36, 3 41, 3 46, 3 51 and 4 01, respectively, 
following the ingestion of a more solid meal 

shallow again in the case of cream, olive oil and a mixture of liquid 
paraffin and butter, but remained deep wnth liquid paraffin alone, wutb 
weak peptone solution, and with asparagm (an amino-acid) and water 
Thus the waves became shallow with fat meals, but remained deep in 
the case of meals which contained no fat The inteipretation of these 
observations will be considered a little later 

The Initial Emptying of the Stomach — The initial empt)ung depends, 
in the first instance, on the presence of meal material in the region of 
the pyloric sphincter, and this, as already showm, varies wuth the con- 
sistency of the meal Thus the first evacuation is rapid for all liquids 
and slow for all solids Within one or tw’^o minutes of the “head” of 
the liquid meal reaching the pyloric sphincter, some barium was seen 

30 Rogers, F T , and Martin, C L Am J Physiol 76 349, 1926 
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to entei the duodenum The same was tiue foi solid meals, with a few 
exceptions, the most impoitant of which weie meals containmg bran 
In one expeiiment in which bran was used the stomach was quiescent, 
without peristalsis, and with barium apparently in contact with the 
pyloiic sphincter, for at least forty-five minutes As soon as peristalsis 
became established, some of the bran entei ed the duodenum Thus the 
piesence of adequate peiistalsis is a second lequirement foi normal 
gastiic evacuation 

The influence of the consistency of the meal was shown in another 
experiment with bran In this observation, peristalsis commenced as 
soon as the "head” of the meal reached the pyloric sphincter , following 
this, at inteivals for over an hour we watched the peristaltic waves 
sweeping over the stomach, without the least fleck of barium entering 
the duodenum Our impiession dining the obsenation was that empty- 
ing was hindered by friction of the bian with the mucous membrane of 
the stomach, rather than by obstiuclion fiom a closed pyloiic sphmctei 
Subsequently baiium left the stomach legulail}, although at a slow 
late It seems not unlikely that fiiction was eventually oveicome by a 
secretion of mucus sufficient to coat the rough edges of the bian 

The initial emptying of the stomach therefore appears to depend on 
two factors the consistency of the meal and the piesence of peristalsis 
of adequate depth 

Fw tJicj P) ogi ess of Evacuation — A study of the tables will show 
that, after the initial empt}mg, the vaiioiis meals left the stomach at 
widely diflerent lates These difleiences can, we think, be satis factoril}' 
explained by the two factors, — the consistenc} of the meal, and the 
depth of the peristaltic waves 

The influence of the consistency of the meal is best illustrated by 
the behavior of the substances of little or no food value Thus liquid 
paraffin left the stomach much inoie rapidly than bran, while agai 
occupied an intermediary position As far as we know, these substances 
excite little gastiic secietion, and hence their consistencies piobabl)’- do 
not change appreciably m the stomach 

Many foodstuffs, such as meats and vegetables, excite a secretion 
of gastric juice The consistency, and therefoie the late of evacuation, 
of a meal may thus undeigo alteiation in the stomach, not only’’ fioin 
the presence of the gastric juice, but also from its digestive action 

The depth of the peristaltic waves was found to be shallow m the 
case of meals which contained fat Two explanations of this difference 
present themselves , the fatty'- acids of fat digestion may ii ritate the 
duodenum and affect peristalsis through neive impulses, as suggested by 
Barsony and Hortobagyi,^® or some product of fat digestion circulating 
m the blood may depress muscular activity and influence the depth of 
the waves The latter explanation appeals to leceive suppoit from 
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observations on hungei contractions of the stomach Thus Farrell and 
Ivy found that fat put into a dog’s stomach inhibited the contractions 
of a stomach pouch which had been completely separated from the 
stomach and implanted m a new position just under the skin 

In two experiments a large meal of cieam was taken seven and 
one half hours before a meal of thick porridge and barium, the idea 
being that intestinal absorption of fat would be m full course (Leathes 
and Raper ®-), although the stomach was empty The progress of these 
meals of porridge was definitely slowei than that of similar meals taken 
without the previous ingestion of cream These observations appear 
to support the hypothesis that peristalsis of the stomach may be 
depressed by products of fat digestion circulating in the blood We 
cannot, however, rule out the possibility that impulses from the jejunum 
or ileum were operating to depress peristaltic activity 

SUMMARY 

1 The initial emptying of the stomach depends on two factors, — 
the presence of peristalsis of adequate depth, and the consistency of 
the meal 

2 All liquid meals start to leave the stomach as soon as ingested, 
regardless of their composition Most solids commence to leave the 
stomach as soon as they reach the pyloric sphincter 

3 After the first few minutes, proteins are evacuated more slowly 
than carbohydrates, and fats are slowest of all 

4 In the case of fats this delay is associated with shallower peri- 
staltic waves, due possibly to depression of muscular activity by prod- 
ucts of fat digestion circulating in the blood 


31 Farrell, J I , and Ivy, A C Am J Physiol 76 227, 1926 

32 Leathes, J B , and Raper, H S The Fats, London, 1925, p 134 
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MIXKEAPOLIS 

The subject of blood pressure m diabetes mellitus has aroused con- 
siderable controrersy during recent 3 ears, and yet there is no unanimity 
of opinion on the matter at the present time With the discrepancies 
in the literature m mind, a statistical study of the problem has been 
undertaken Obviously, 111 order to make such a study, some standard 
must be used for comparison In the analysis of the data presented 
m this paper the blood pressures of the diabetic persons are compared 
with those of three control senes ( 1 ) a group of dispensar} patients, 
(2) a group of hospital patients, and (3) a so-called normal group A 
necrops} series of diabetic cases is also studied 

LITERATURE 

In 1733, Stephen Hales ^ performed his memoiable experiment on 
the blood pressure of the horse, in which, after the insertion of a brass 
pipe into the crural arterj, the “blood rose in the tube eight feet three 
inches perpendicular aboi e the le^ el of the left ventricle of the heart ” 
In 1828, Poisseulle - introduced the mercurj manometer as a means of 
recording blood pressure, and 111 1847 Ludwig combined the mercury 
and the graphic methods, so that permanent records of the blood piessure 
were available 

Little was done on the blood pressure of man, how ever, until 1896, 
when Riva-Rocci ® devised the armlet method for taking pressures, and 
the knowledge of human blood pressure dates from that time In the 
subsequent year. Hill and Bernard de\ ised a similar method In this 
earl}'^ work the wadth of the armlet of the blood pressure apparatus 
was variable, although it is now known that the blood pressure varies 
%vith armlets of different widths In 1901, however, von Reckling- 
hausen = standardized the width of the cuff Thus, the knowdedge of 
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1 Hales, Stephen Statistical Essays Containing Hemostatics, London, 1733 

2 Poisseulle, quoted by Tigerstedt Lehrbuch Physiologie des Kreislaufes, 
Leipzig, S Hirzel, 1893, p 322 

3 Rna-Rocci, S Gazz med di Torino 47 981, 1896 

4 HiU, L, and Bernard, H Bnt M J 2 904, 1897 

5 Von Recklinghausen, H Arch f exper Path u Pharmakol 46 78, 1901 
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blood pressure in man really dates from the beginning of the piesent 
century, although Vierordt, Mare)% Basch and Allbutt, abioad, and 
Eilanger, Cook, Janeway and many otheis, m this counti}^, had been 
working on the pioblem 

The question arises as to which sounds one should take as repre- 
senting the points at which the systolic and the diastolic readings should 
be made I am cognizant of the fact that there is sometimes an ausculta- 
tory gap (trau ausculatoire of the Fiench), m which the first sound 
appears, disappears and latter reappeais as the pressure in the cuff is 
diminished This silent phase is most pi one to be present m cases of 
hypertension, and the upper limit of sound is apt to be unobserved 
unless the pressure m the cuff is elcA'ated to approximately 200 mm of 
mercury Tixier ° first described this phenomenon m 1918, and m the 
following year Tixier and Gallavardin ’’ observed the silent gap in a 
case of aortic stenosis Gibson® described the five zones which ale 
observed m taking blood pressuies as follows The fiist zone is of short 
duration and is sometimes difficult to detect, since the sounds are soft 
and dull, m the second zone, which extends ovei a range of fiom 
20 to 60 mm of meicuiy, the quality of the sounds is variable, and 
it IS m this phase that the silent gap occurs when present The third 
zone IS the most distinctive phase, and here the sounds aie loud and 
snapping and increase m intensity to a maximum, when they suddenly 
change to the fourth zone, this zone is of short duiation, and here 
the sounds are soft and dull In the fifth zone, the sounds disappeai 
The point at which the first sound is heard m the first zone represents 
the s)fstolic pressure, and the sudden change m the character of the 
sounds m the fourth zone marks the point at which the diastolic pies- 
suie should be taken 

The pressures obtained b}'^ the oscillation method are higher than 
those determined by either the palpation or the auscultation method, 
and are less accurate than the readings obtained by the use of the 
combined methods Consequently, the combined method has been used 
m obtaining the data for the present paper 

What should be considered as the normal blood piessuie^ A 
voluminous hteiature has accumulated on this subject I am chiefly 
concerned with the blood pi essui e m the older age groups, but Burlage ^ 
Melvin and Muriay,^® Addis “ and Conception and Bulatao found 

6 Tixier, L Pans med 27 502, 1918 

7 Tixier, L, and Gallavardin, L Arch d nial du coeur 12 447, 1919 

8 Gibson, P C Lancet 2 1012, 1927 

9 Burlage, S R Proc Soc Exper Biol S. Med 19 247, 1922 

10 Melvin, G S , and Murray, JR J Exper Physiol 15 125, 1914-1915 

11 Addis, T Blood Pressure and Pulse Rate Reactions, Arch Int Med 30 
240 (Aug) 1922 

12 Conception and Bulatao Philippine J Sc 2 135, 1916 
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that foi the first thvee decades of life the aveiage systolic blood pres- 
suies aie well below 130 mni of merciuy 

As one advances to the oldei age gioups, it is found that there is 
consideiable contioveisy ovei the mean systolic blood piessuies 
Wiggers stated that a value of from 100 to 125 mm of mercury by 
the palpation method may be taken as the normal systolic blood 
piessure befoie middle life, and that a \alue of peihaps 10 mm higher 
may be expected after that peiiod 

Richtei found the aveiage sj^stolic piessure foi peisons between 
the ages of 62 and 89 to be 153 mm of meicury Sallei found that 
the systolic piessure in women is higher than that in men m the older 
age gioups, being moie than 150 mm aftei the age of 56 m women, 
while the sj^stolic piessuie in men of the corresponding age group is 
136 mm Reihngh^® expiessed the belief that the aveiage systolic 
pressure for persons over the age of 60 is 168 mm of meicuiy, and 
Wildt^" found that the average piessuie for persons of the same age 
group is 150 mm Sachs found the aveiage systolic blood pressuie 
m peisons of 70 yeais or more to be 180 mm of mercuiy Janeway, 
Norris, Bazett and McMillan,-® Hensen and Goldscheider -- suggested 
that 160 mm of meicuiy be taken as the uppei limit of normal systolic 
blood piessuie in older persons 

On the othei hand, I found many ai tides in the hteiature in which 
the systolic blood pressures are much lower than those cited Symonds,-® 
in a study of 150,000 cases, divided into five-yeai age groups, found 
the highest systolic value to be 142 mm of mercury, aitd this pressure 
was found in the oldest age gioup Woley,-^ in a senes of 1,000 peisons 
of all ages, found the aveiage systolic piessuie to be 127 5 mm for 
males and 120 for females Fisher reported the highest systolic 

13 Wiggers, C J Modern Aspects of Circulation in Health and Disease, 
Philadelphia, Lea & Febiger, 1923, p 359 

14 Richter, A Deutsches Arch f klin Med 148 3, 1925 

15 Sailer, K Ztschr f d ges exper Med 58 683, 1928 

16 Reihngh, quoted by Sachs, H jahresk, f arztl Fortbild 18 20, 1927 

17 Wildt, H Zentralbl f Herzkrankh 4 41, 1912 

18 Sachs, H Jahresk f arztl Fortbild 18 20, 1927 

19 Janeway, 1C A Clinical Study of Hypertensive Cardiovascular Dis- 
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pressure in the 56 to 60 year group, in which the pressure was 135 min 
of mercuiy Dunham,-® in 8,645 apparently normal soldiers, found the 
highest systolic piessure in the 50 to 64 year group, in which it was 
134 mm of inercur} 

That there is a positne correlation between systolic blood pressuie 
and increase m body weight above normal is shown by the work of 
Dunham,"® Dublin Fisk and Kopf,"^ Faber and Symonds 

Before entering into a discussion of the literature on the subject of 
the blood pressure in diabetes mellitus, I shall mention a few articles 
which have been published pertaining to the relation between blood pres- 
sure and blood sugar levels Hopkins -® and Frank found that a 
moderate hypergl}'cemia occurs in man} cases of h 3 '^pertension 
Neubauer and Botti also noted a relationship existing between 
hypergl} cemia and high blood pressure O’Hare®® and K}hn®* 
showed the relation between h} pertension and low carbohydrate 
tolerance Hopkins concluded that four clinical features occur 
together hypertension, hyperglycemia, arteriosclerosis and obesit} 
Harle ®® failed to find an} exact parallelism between the blood sugar 
and the blood pressure curves, although one fourth of his cases showed 
a moderate hyperglycemia Peiser,®® on the other hand, found no 
elevation of the blood sugai level in cases of hypertension uncomplicated 
by diabetes mellitus 

The hteiature is dnaded in regard to the question of the blood 
pressure in diabetes mellitus Vaquez,®’ Orr,®® Kahn,®® Janeway"*® and 
Elliot^’- expiessed the belief that the s}stohc blood pressure is not 
elevated in uncomplicated cases of diabetes Rosenbloom also sub- 

26 Dunham, G C Internat Clin 3 81, 1925 

27 Dublin, L I , Fisk, E L , and Kopf, E \N Am J M Sc 170 576, 
1925 

28 Faber, A Skandm Arch f Physiol 45 189, 1924 

29 Hopkins, AH Am J M Sc 149 254, 1915 

30 Frank, E Deutsches Arch f klin Med 103 397, 1911 

31 Neubauer, E Ztschr Biochem 25 284, 1910 

32 Botti, A Pohchmco 29 249, 1922 

33 O’Hare, J P Am J M Sc 160 366, 1920 

34 Kjdin, E Zentralbl f mn Med 42 783, 1921 , ibid 44 81, 1923 

35 Harle, F Ztschr f klm Med 92 124, 1921 

36 Peiser, F Ztschr f klm Med 106 290, 1927 

37 Vaquez, H Gaz d hop 78 1221, 1904 

38 Orr Montana M J 31 833, 1902 

39 Kahn, Max Angina Pectoris of Diabetes, JAMA 76 570 (Feb 26) 
1921 

40 Janeuay, T C Bull Johns Hopkins Hosp 26 341, 1916 

41 Elliot, A R A Clinical Study of Blood Pressure Variations m Diabetes 
and Their Bearing on the Cardiac Complications, JAMA 49 27 (Juh 6) 1907 

42 Rosenbloom, J J Lab &. Chn hied 7 392, 1922 
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scribed to this view, although in his series a systolic pressure of 150 mm 
or more was found m 40 pei cent of the cases; of 170 mm or moie 
in 17 percent and of 200 mm or moie m 12 per cent Adams and 
Kahn®^ expressed the opinion that when hypertension is present in 
persons affected with diabetes melhtus the elevated blood pressure is 
suggestive of the presence of some othei condition, which is of itself 
producing the hypertension 

On the contrary, many iiivestigatoi s believe that the blood pressuie 
in diabetic peisons tends to be elevated Potain found that the blood 
pressure in diabetes is even higher than m nephritis Joshn stated 
that in patients affected with diabetes melhtus the blood pressure tends 
to be below normal in those under the age of 35, after which it is 
slightly above noimal He stated, “The interval between diabetic and 
normal widens as age advances ” Bell and Clawson found that 42 5 
per cent of the patients with diabetes m their senes had a systolic 
blood piessuie of 150 mm of mercury oi moie, and they concluded that 
hypei tension is 2 7 times as fiequent m diabetic as m nondiabetic per- 
sons over 50 years Peleison,'^^ in a study of the arteiioles of the 
kidney and of the pancreas, found more marked aiteriolosclerosis in 
the diabetic gioup than in his control series Kramei,''® m a study of 
500 cases of diabetes mellitus, found a S 3 ^stolic pressure of 150 mm of 
mercury or raoie in 39 pei cent He concluded, “The combination of 
hyperglycemia and hypertension occurs so frequently that it has ceased 
to be looked upon as a coincidence ” Katz-Klein,^® in a senes of 120 
cases of diabetes, found a systolic blood piessure of 160 mm of mercuiy 
or more in 25 per cent She stated, however, that the blood sugar and 
the blood pressure curves do not run parallel Crummer also 
observed that hypertension is common m cases of diabetes, while 
Maranon expressed the belief that a high systolic blood pressure 
may be present prior to the onset of the disease, but tends to fall during 
its course 


43 Adams, S F Proc Staff Meetings Mayo Clinic 3 303, 1928 

44 Potain, quoted by Allbutt Diseases of the Arteries, Including Angina 
Pectoris, New York, The Macmillan Company, 1915, vol 1 

45 Joshn, E P Treatment of Diabetes Melhtus, Philadelphia, Lea & 
Febiger, 1923 
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Path 5 939 (June) 1928 
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48 Kramer, D W Am J M Sc 176 23, 1928 

49 Katz-Klein, F Med Klin 20 1808, 1924 

50 Crummer M Herald 21 46, 1902 

51 Maranon, G Zentralbl f mn Med 43 169, 1922, Arch de cardiol v 
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STATISTICAL STUDY 

In a study of normal blood pressure the consideration of primary 
impoitance is to secure normal material This seems evident, and yet 
It is stiipiising to note the number of studies which have been reported 
m which the blood piessures were assumed to represent normal values, 
although the subjects on whom the data were accumulated were ill 

In the so-called normal group discussed in this paper the subjects 
included visitors to the hospital and the peisonnel of the hospital 
Obviously, the greater number of these persons were practically normal 
The instrument used in taking the blood pressures was a Baumanom- 
eter with a cuff of standard width The accuiacy of the instrument 
was checked against two similar instruments befoie the woik was 
begun, and in all cases care was taken to have the mercury level at zero 
prior to the elevation of the pressure in the cuff Although Hill and 
Rowland found that the blood pressure is piactically the same in 


Table 1 — Age Dislnbution m Foiti Senes of Cases 


Age Groups 

Normal 

Dispensarj 

Hospital 

Diabetic 

3»40 

57 

43 

56 

18 

40-45 

50 

43 

69 

30 

45 50 

55 

43 

42 

44 

50-55 

54 

43 

69 

82 

55-60 

54 

44 

62 

84 

60-65 

61 

43 

46 

69 

65 70 

57 

36 

54 

31 

70 75 

61 

28 

41 

22 

75 plus 

60 

S3 

43 

8 


the lower and upper extremities normally, caie was taken to apply the 
cuff in appioximately the same position in all cases, this being about 
2 inches (5 cm ) above the fold of the antecubital space The pressure 
in the cuff was elevated to 200 mm of mercury and graduall}'- lowered, 
care being taken to observe the auscultatory gap, if present Pro- 
longed compression by the cuff was avoided, since MacWilham and 
others have shown that the continued pressure may modify the readings 
obtained by the auscultation method In all cases the palpation and 
the auscultation methods were combined, as recommended by Mac- 
Wilham and Melvin, and the pressure obtained by the foimer method 
was constantly less than that obtained by auscultation The subjects 
were all observed while m the sitting posture, the readings weie taken 
approximately two hours after meals, and in no case was the blood 
pressure taken until the subject had been given a rest period Unfor- 
tunately, in the majoiity of cases only one observation was made The 
blood pressures were all taken by me 

52 Hill, L , and Rowland, R A Heart 3 222, 1912 

53 MacWilliam, J A Phj'siol Rev 5 303, 1925 

54 MacWilliam, J A , and Melvin, S Brit M J 1 693, 1914 
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Thiee contiol gioups weie studied, and the blood piessuies in each 
of these weie compaied with the pressures in the diabetic series The 
fiist contiol gioup consisted of 356 dispensary patients, all of whom 
were 35 years or oldei These were consecutive cases, taken regardless 
of the conditions foi which the patients weie being tieated In the 
second control senes the blood piessures in 472 consecutive hospital 
cases weie studied Again, these cases weie taken regardless of the 
complaint of the patient In the thud control series blood piessures 
weie taken on appaiently noimal peisons, the piessuie being taken 
according to the methods ahead} outlined 


Tablf 2 — Mean Systolic and Diastohc Blood Picssiues m Dispensaiy Senes by 

Age Gioups and by Sex 



Males 


Females 

Composite 










A 

t 




'Ige Groups 

Systolic Diastolic 

Ss'Stolic 

Diastolic 

Systolic 

Diastolic 

35-10 

135 

86 

120 

83 

132 

81 

40-15 

136 

89 

134 

85 

135 

87 

45 50 

144 

85 

139 

82 

142 

84 

50 55 

135 

82 

131 

79 

134 

81 

55-60 

151 

90 

145 

87 

149 

89 

60 65 

148 

87 

145 

83 

147 

85 

65-70 

154 

86 

154 

84 

155 

85 

70 75 

155 

86 

152 

82 

154 

81 

75 plus 

156 

95 

160 

94 

158 

95 


Table 3 — Mean Systolic and Diastohc Blood Piessuies ■ 

and by Age Gioups 

in Hospital Senes by Sex 


Males 

Females 


Composite 

Age Groups 

Systolic Diastolic 

/ ^ 

Systolic Diastolic 

Systolic 

Diastolic 

35 40 

127 78 

123 

75 

124 

76 

40 45 

123 85 

121 

80 

120 

S3 

45-50 

155 86 

149 

78 

152 

82 

50 55 

151 88 

145 

86 

147 

87 

55 60 

155 86 

152 

85 

153 

85 

60-65 

151 86 

154 

88 

152 

87 

65-70 

146 85 

140 

79 

143 

82 

70-75 

155 93 

150 

SO 

152 

91 

75 plus 

148 98 

142 

86 

146 

87 

In table 1 the age group distiibution foi these thi 

ee senes, 

as well 

as for the diabetic 

senes, is given 

In tables 2, 3 and 4 the 

average 


systolic and diastohc blood pressuies are shown, arianged accoiding to 
sex and according to age gioups 


In the 500 clinical cases of diabetes melhtus, 408 of the patients 
were 35 }ears or oldei , only the older age groups will be used in the 
statistical study which is to follow Of these 408 patients, 356 received 
more than one observation on the blood pressure If more than one 
reading was made, the mean pressure was taken m computing the 
statistical data given in the present paper All the obseivations were 
made according to the methods desciibed except that m this group the 
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readings were made b} several difterent persons The blood pressures 
of this group are shown in table 5, arranged according to sex and age 
distribution 

In all four groups there were more females than males, and the 
proportion was greatest in the diabetic series, the ratio being 5 3 
In table 2 it will be seen that m the dispensar}’ series the mean 
systolic blood pressure of the men was greater than that of the women 
in all age groups except the 65 to 70 and 75 }ear groups, vhereas the 
diastolic pressures of the males Avere higher in all age groups In 
the hospital series, as shown in table 3, both the s)'stohc and the 

Table 4 — Mean Systolic and Diastolic Blood Picssuies in Normal Series by Sei 

and by Age Gioiips 


Males 


Age Groups 

Svstolic 

Dmstolic 

35-40 

121 

S3 

4(M5 

130 

SO 

45-50 

135 

S4 

50 55 

133 

85 

55-60 

142 

91 

60-65 

145 

87 

65-70 

139 

82 

70-75 

148 

90 

75 plus 

140 

SO 


Females Composite 

X X 


Svstolic 

Dinstolic 

Svstolic 

Diastolic 

US 

77 

120 

79 

126 

76 

129 

79 

133 

S2 

134 

SS 

130 

s5 

131 

83 

137 

86 

139 

88 

136 

79 

141 

S3 

135 

78 

137 

SO 

141 

S2 

144 

87 

131 

69 

185 

76 


Table 5 — Mean Systolic and Diastolic Blood Piessuics in Diabetic Scries by Sei 

and by Age Gionps 


Males Females Composite 

- A X .X 


Age Groups 

Systolic 

Diastolic 

Systolic 

Diastolic 

Svstolic 

Diastolic 

35-40 

112 

72 

129 

76 

118 

73 

40-45 

118 

71 

138 

So 

125 

76 

45-50 

116 

76 

151 

84 

137 

81 

50-55 

138 

S2 

155 

S5 

144 

S3 

55-60 

135 

81 

159 

85 

149 

S2 

604S 

148 

S9 

158 

82 

152 

85 

65 70 

138 

St 

ITS 

89 

154 

85 

70-75 

151 

S3 

169 

S6 

159 

84 

75 plus 

176 

96 

120 

69 

136 

70 


diastolic blood pressures ivere higher in the case of the women in the 
60 to 65 year age gioup, while the pressures of the men veie higher 
m all the other age groups In the normal series, as show n in table 4 
both the systolic and the diastolic blood pressures were higher in the 
males m all age gioups In the diabetic series, as shown in table 5, it 
Avas found that the systolic blood pressures aa ere higher m the Avomen 
than in the men after the age of 35, AVith the exception of the 75 ) ear 
age group and the diastolic pressures of the Avomen Avere higher than 
the diastolic blood pressure in the men in the corresponding age groups, 
Avith the exception of the 60 to 65 year age group, m Avhich the mean 
diastolic pressure Avas higher in the men than that m the Avomen 
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Chart 1 — Curves for the mean systolic blood pressure of the different series by 
age groups 



Systoltc Blood Pressure 


Chart 2 — Distribution of cases according to the systolic blood pressure 
(IS mm groups) m persons over 35 A indicates the curve for the normal series, 
B, for the hospital series , C, for the dispensary series, and D, for the diabetic 
series 
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If tables 2, 3, 4 and 5 are compaied, it is seen that the mean 
systolic blood pressure was highei in the diabetic series than that of 
any other senes in only two age groups, the 65 to 70 and the 70 to 
75 year groups, while the diastolic pressure was not higher in the 
diabetic series than that of any other series in any single age group 
It was also found that in the normal series the systolic pressures were 
lower than those of any other group of cases aftei the age of 45, 
whereas the diastolic piessures were lower in the 60 to 65, 65 to 70 
and 75 3'^ear age groups The mean systolic blood pressures in the 
different senes are represented by age groups in chart 1 

Arranging the cases in 15 mm groups accoiding to their S3^stolic 
blood pressures, so as to obtain smoother cuives, it was found that 
the peak of the cuive for the diabetic senes came in the 135 to 150 mm 

Table 6 — Pei ceniage of Cases m Each Sciies by Age Gioups ivith Systohc 
Piessnie of 150 mm or Mote, and with Diastolic Ptcssnte of 100 mm 

ot M ot e 


Normal Dispensary Hospital Diabetic 

, ^ , , < , , > , , • , 

Systolic Diastolic Systolic Diastolic Systolic Diastolic Sjstolic Diastolic 


Age Groups 

150 Plus 

100 Plus 150 Plus 

ICO Plus 

150 Plus 

100 Plus 

150 Plus 

100 Plus 

35-10 

18 

IS 

209 

16 3 

36 

54 

55 


40 45 

19 0 

21 

255 

18 6 

261 

17 4 

25 8 

20 0 

45 50 

291 

18 2 

23 2 

16 3 

3S1 

238 

29 9 

15 9 

50-55 

255 

99 

47 5 

46 

40 6 

24 7 

33 6 

19 5 

55-60 

36 4 

18 2 

45 5 

27 0 

48 1 

32 7 

45 0 

226 

60-65 

40 0 

69 

512 

18 6 

47 9 

218 

52 0 

123 

65 70 

291 

54 

55 5 

1C 2 

500 

18 5 

58 0 

258 

70 75 

32 2 

13 6 

57 2 

35 6 

51 2 

21 9 

770 

18 2 

75 plus 

30 0 

116 

54 6 

30 3 

41 9 

18 6 

581 

12 5 

gioup, whereas the peaks of 

all the 

othei 

cm 1 es 

fell in the 

120 to 


135 mm gioup (chart 2) It was also noted that subsequentl3 the 
curve foi the diabetic series was higher than any othei cuive, until 
it was finally crossed by the curve for the dispensar3^ senes at about 
160 mm of mercur3^ 

In table 6 the percentage of cases in each group with a S3^stolic 
blood piessuie of 150 mm 01 more, and with a diastolic blood pressure 
of 100 mm or moie, is shown accoiding to age groups From the 
stud3'^ of this table it is evident that in the four highest age groups 
a greater percentage of cases having S3^stohc blood pressuies of 150 mm 
or moie was found in the diabetic series than in any other series, while 
onty in the 65 to 70 year age group was the percentage of cases haniig 
a diastolic pressuie of 100 mm 01 more higher in the diabetic senes 
than in any other series 

Investigation of the pulse pressure is an important consideration 
in such a disease as diabetes melhtus, in vFich arteriosclerosis is a too 
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fiequent complication to be o\erlooked Fahr showed that “arterio- 
sclerosis onl} increases the work of the heart insofar as it necessitates 
increased blood pressure” With an elevation of systolic and of 
diastolic blood pressure, more i\ork is required of the heart to expel 
a gnen ^olume of blood than with normal s}stolic and diastolic blood 
pressures as has been shown b\ Bramwell, Downing and Hill 
Under these conditions a higher pulse pressure is required In the 
present senes of cases it was found that the pulse pressure was lugher 
in the diabetic senes than in am other group of cases in the following 
age groups 50 to 55, 60 to 65 and 70 to 75 

In cunes representing the distribution of cases in the difterent 
age groups it was found that the cunes w’ere asymmetrical However, 
b} the use of the formula given by Karl Pearson, the skewmess of the 
curves w^as estimated for the different series of cases The lalues 
w ere found to be as follows dispensary series, 0 276 , hospital senes, 
0 319, normal series, 0 045, and diabetic series, 0 004 Thus, it is 
seen that the age distribution of the cases was most asyTOmetncal in 
the dispensary and hospital senes 

The mean systolic blood pressure for the entiie group in each senes 
w'as determined, regardless of age and sex, and the following values 
were found dispensary series, 143 mm , hospital senes, 144 mm , 
normal series, 136 mm , and diabetic senes, 144 mm The mode for 
the dift'erent series was dispensary, 132 5 mm , hospital, 132 5 mm , 
normal, 122 5 mm , and diabetic, 142 5 mm The median was as 
follows dispensary', 142 5 mm , hospital. 137 5 mm , normal, 132 5 
mm , and diabetic, 142 5 mm Thus, the mean sy stolic blood pressure 
for the dispensary, hospital and diabetic series was practically' the same, 
whereas that for the normal series was considerably less than that of 
any' other group 

Before proceeding further into a statistical consideration of this 
problem it w'lll be necessary to calculate the standard deviation for 
sy stolic blood pressure in each of the four groups of cases, since further 
determinations -will imolve a consideration of these values In statistical 
w'ork the root-mean square of a series of numbers is the square root 
of the arithmetic mean of their squares In apply'ing this formula 
to the sy'stohc blood pressures the following values for the standard 
deviation w ere found 


Dispensary senes 33 0 

Hospital senes 32 9 

AUrmal senes 29 6 

Diabetic senes 44 2 


55 Fahr, G Proc Soc Exper Biol & Aled 24,405, 1926 

56 Bramwell, J C , Downing, A C, and Hill, A V Heart 10 289, 1923 
Bramwell, J C, and Hill, A V Lancet 1 891, 1922 
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Having obtained the standard deviation for the systolic blood 
pressures, the probable eiror for each of these values remains to be 
determined These are as follows 


Dispensary senes 

380 ± 132 

Hospital series 

32 9 ± 1 01 

Normal senes 

29 6 ±089 

Diabetic senes 

442 ± 147 

From the data thus far obtained the coefficient of variability was 
calculated This is the ratio of the standard deviation to the arithmetic 

mean, and is usually expressed as a percentage 
shown in the following 

These \alues are 

Dispensary senes 

266 

Hospital senes 

22 9 

Normal series 

218 

Diabetic series 

30 7 

From the data given the significance of these figures can be deter- 

mined In statistical work the significance is based 

on the ratio of the 

difference of the means to the probable erroi of the difference The 

ratios are 


Diabetic and hospital series 

00 

Diabetic and dispensary series 

05 

Diabetic and normal series 

47 

Normal and hospital series 

59 

Normal and dispensary series 

44 


Statisticians are accustomed to take aibitrarity the ratio of 2 5 or 
3, or more, as a significant value Hence, the latio of the difference of 
the means to the probable error of the difference was significant in the 
normal and diabetic series, in the normal and hospital senes and in 
the normal and dispensary series 

Thus fai the standard deviation and the probable errois for the 
systolic blood pressures for the entire gioups have been studied In 
computing the standaid deviation and the probable errors of the mean 
systolic blood pressures for each age group m the normal and in the 
diabetic series, the ratio of the difference of the means to the probable 
error of the difference of the means was found to have a significant 
value (2 5 or more) m the following age groups 50 to 55, 55 to 60, 
60 to 65, 65 to 70 and 70 to 75 The ratio was not significant in the 
younger age groups, nor was it significant in the 75 year age group 
The discrepancy m the latter case was probabl)'^ due to the small num- 
ber of cases in this group 
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It IS obvious that some attempt should be made to correlate age 
and systolic blood pressure in the different senes of cases The 
correlation was positne in all the different groups of cases, and was 
highest in the normal series, wlule it was lowest in the dispensar} 
senes and in the hospital series The values are as follows 


Dispensary senes 

00409 


Hospital series 

00755 


Normal series 

02659 


Diabetic series 

02238 


The probable error of the coefficient 

of correlation of age 

and 

S}stohc blood pressure was determined 
diabetic senes, and these values are 

in the normal and in 

the 

Normal series 

02659=: 00277 


Diabetic series 

0 2238 ± 0 0316 



It was found, therefore, that tlie difference of the coeffiaents of 
correlation bore a ratio to the probable error of the difference of 
1 10, which is a highly significant value 

From the data given straight line cun-es were plotted for the 
different groups of cases, by the use of a regression formula These 
curves are shown in chart 3 It is seen that the curv^es for the dis- 
pensary and hospital senes show little elevation, owing to the low 
correlation between age and systolic blood pressure It is also evident 
that the curs^e for the normal group is definitely lower than any of the 
other cun'es, and that after the age of 60 the curve for the diabetic 
senes is higher than any other curve 

In addition to the stud} of blood pressure, it is pertinent that other 
evidence of hypertension be sought It is conceivable that the blood 
pressure may have been within nonnal limits at the time the obser- 
A’ations V ere made, although the person may have suffered from hyper- 
tension at some earlier penod It is known that changes in the small 
vessels are a more reliable index to hypertension than are changes in 
the larger vessels Fortunately, the ocular fundi afford an excellent 
opportumty for the study of such vessels 

In the diabetic series the eyegrounds were examined in 386, or 
77 per cent, of the cases The points observed in these examinations 
were abnormal tortuosity of the vessels, caliber changes of the vessels, 
nicking at the arteriovenous junctions and areas of old or of recent 
hemorrhage In 189 cases (38 per cent), some degree of vascular 
change was noted Such cases were more frequent in tlie older age 
groups, although a few of the cases in the younger age groups also 
revealed some vascular injur}'’ 
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In the diabetic series only 14 patients (2 8 per cent) were thought 
to have renal disease Of the 500 cases, 239 (48 per cent) showed 
arteriosclerosis of varying degree 

No attempt has been made to determine the correlation between 
systolic blood pressure and increase in body weight above normal, since 
the weights were not available in the diabetic series 

In addition to the clinical series discussed, a group of diabetic cases 
coming to necropsy has been studied Here the points "of chief con- 
. cern were the weight of the heart and kidneys and the cardiovascular 
complications 

As a standaid for comparison, the weight of the heart in 1,000 
consecutive necropsies was taken, the cases being arianged according 



Chart 3 — Straight line curves for the systolic pressures A indicates the curve 
for the diabetic senes , B, for the hospital series , C, for the dispensary series, and 
D, for the normal series 

to five-year age groups and according to sex The mean values obtained 
showed that the heart tended to increase in size to about the age of 60, 
after which it decreased slightly The highest mean weight in the men 
was 384 Gm , at the age of from 60 to 65, while the highest value in 
the women was 366 Gm , at the age of from 55 to 60 

In the study of 104 cases of diabetes melhtus coming to postmortem 
examination all cases showing vascular injury were excluded, since 
certain types of valvular disease may give rise to hypertrophy of the 
heart, there being no associated increase in systolic blood pressure 
Of couise, I was aware that other conditions than hypertension and 
lalvular disease can cause hypertrophy of the heart After calculating 
the mean weight, according to sex and also according to five-yeai age 
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groups, it was found that the weight of the heart of the men in the 
diabetic senes exceeded that of the men in the contiol series after 
the 50 to 55 years age gioup, whereas the weight of the heart of the 
women in the diabetic senes exceeded that of the women m the control 
series aftei the age of 65 to 70 When both sexes were included m this 
comparison, it was found that the cuive lepiesentmg the diabetic senes 
was higliei than that repi eseiiting the control series after the age of 50 
to 55, as shown in chart 4 

The weight of the kidneys was also studied, and a comparison 
made with the weight m a control group, the latter being based on 
the weight of the kidneys in 650 consecutive necropsies It was found 
that the kidneys in the diabetic senes weighed slightly more than those 

6oo 
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S 300 
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+> 

"S 200 


100 


Age Groups 

Chart 4 — Curves for the weight of the heart for both sexes A indicates the 
curve for the normal senes , B, for the diabetic senes 

in the contiol series If hypei tension weie present in the diabetic 
cases, it might be expected that the kidneys in these cases would be 
the seat of arteiiolar disease, and would be smaller than those in the 
control senes It should be remembered, however, that there is often an 
accompanying nephrosis, and m these cases the kidneys tend to be 
somewhat larger than normal 

The percentage of cases in which diagnoses pertinent to cardio- 
vascular disease weie made in the diabetic series is shown in the follow- 
ing tabulation 


General arteriosclerosis 

32 

Coronary sclerosis 

22 

Hypertrophy of the heart 

21 
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Edema of the lungs 21 

Gangrene of the extremities 19 

Arteriosclerosis of the kidney 17 

Chronic passive congestion of various viscera 15 

Hydrothorax 13 

Fibrous myocardium 10 

Generalized edema 8 

Ascites 6 


SUMMARY 

The blood pressure in a clinical senes of cases of diabetes melbtus 
IS compared with the blood piessure in a senes of dispensary cases, 
with that in a series of hospital cases and finally, with that in a series 
of so-called noimal persons These figures are subjected to a statistical 
analysis 

A necropsy series of diabetic cases is also studied, and the weight 
of the heart and the kidneys is compaied with the weight in a control 
series 

In elderly diabetic patients the systolic blood pressure is slightly 
higher than that of patients seen in a dispensary senes or in a hospital 
senes, and is considerably higher than the blood pressure in normal 
persons of the same age group 

Although the mean systolic blood pressure in the diabetic senes is 
not essentially different from that in either the dispensary series or the 
hospital series, there is a greater tendency to a slight elevation of the 
systolic blood pressure in diabetic persons than m those m the other 
series mentioned, as is shown by a statistical study 



THE RATE OF GLYCOLYSIS IN ERYTHREMIA 
(POLYCYTHEMIA VERA) 

JEROME E COOK, MD 

\ND 

MICHAEL SOMOGYI, PhD 
sr LOUIS 

In a 1 ecent article b}* Falcon-Lesses/ the author applied the observa- 
tions of V^arburg and Murphy and Hawkins on glycolysis m malignant 
disease to the apparently similar problem of glycolysis in leukemic blood 
He found tliat, whereas m noimal persons glycolysis m blood containing 
not more than 100 mg of dextrose per hundred cubic centimeters is 
completed in about six hours, m the blood of patients with m} elogenous 
leukemia the process was from two to thiee times as rapid, being com- 
plete in horn one to four hours 

In seeking some explanation of the mechanism of this process, 
Falcon-Lesses made obsei rations in two other cases showing abnormal 
conditions of the blood one of pol} C 3 ^themia with a red cell count of 
9,505,000 and a white cell count of 25,775 and the other a case of 
pernicious anemia uith a red cell count of 2,800,000 and a white cell 
count of 4000 The rate of glycolj’sis in the er34hiemic blood was 
“considerably accelerated,” being complete in less than four hours The 
rate of glycolysis in the blood of the patient with pernicious anemia was 
slower than m the noimal blood Falcon-Lesses suggested that the 
increase of white cells in the er 3 Ahremic blood may be m part at least 
responsible for the inci eased late but that “it seems more probable that 
the rates were in some manner dependent on the fact that the blood of 
one patient contains 6,000,000 more led cells per cubic millimeter than 
that of the other ” This surmise seems logical, since it is known that 
glycol 3 '’sis 111 normal blood is in the mam a function of the intact i ed cells 

Having under obseivation at present two cases of eijAhremia, we 
thought it of interest to determine the late of glycolysis under varying 
conditions, m particular to observe possible changes after the red blood 
cells had been brought down to approximately normal number by the 
administration of phen 3 dh 3 ^drazine One of these cases (no 2) seemed 
especially suitable for our purpose, since it belongs to the rather unusual 
t 3 'pe of ei 3 'thremia m which the white cells aie not increased, either 

* Submitted for publication. May 21, 1929 

^From the Medical Service of the Jewish Hospital 

1 Falcon-Lesses, M Glycolysis in Normal and in Leukemic Blood, Arch 
Int Med 39 412 (March) 1928 
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originally or after the administration of phenylhydrazine, so that the 
question of glycolytic effect of the nucleated cells should not enter 

The glycolysis experiments were carried out with defibnnated blood 
m order to preclude the inhibiting effect of the common anticoagulants 
Immediately after defibrination, the blood samples were quickly warmed 
to 37 C in a water bath of constant temperature Sedimentation of the 
cells was prevented by gentle agitation of the samples The duration of 
the observation in no case exceeded a period of three hours, rendering 
special precautions of aseptic handling unnecessary 

REPORT OF CASES 

Case 1 — Mrs A , aged 59, has been under observation because of erythremia 
since November, 1922 She had had a number of courses of phen 3 dhydrazmc 


Table 

1 — Rate of Glycolysis m Case 1 

on May 16 

Time of Incubation, 

Sugar Content, 

Loss of Sugar, 

Minutes 

Mg per 100 cc 

Mg per 100 cc 

0 

97 

0 

30 

59 

38 

60 

31 

66 

120 

15 

82 


Table 2 

— Rate of Glycolysis m Case 1 

on June 27 

Time of Incubation, 

Sugar Content, 

Loss of Sugar, 

Minutes 

Mg per 100 cc 

Mg per 100 cc 

0 

89 

0 

30 

58 

31 

60 

15 

74 


since that date but none since December, 1926 On May 16, 1928, the blood 
showed the following hemoglobin (Sahli), 116 per cent, red cells, 7,950,000, 
white cells, 16,100 The rate of glycolysis is shown m table 1 

The whole of the dextrose was cleaved in less than two hours, and it seems 
probable that during the second hour considerably more would have been broken 
down if it had been present (The 15 mg per hundred cubic centimeters found 
at the end of the second hour represents reducing substances other than sugar °) 
Thus in judging the rate of gljcolysis, one has to depend on the observation in 
the first hour, which shows a rate of 66 mg per hundred cubic centimeters of 
blood per hour 

The patient was then given phenylhydrazine, 0 06 Gm three times daily, until 
on June 20, 1928, she had taken a total of 3 4 Gm , and the blood showed 
hemoglobin, 93 per cent, red blood cells, 5,120,000, and white blood cells, 28,800 
A week later, without further administration of the drug, the blood showed 
hemoglobin, 72 per cent, red blood cells, 3,600,000, white cells, 29,000 Blood 
was at this time again taken for determination of the rate of glycolysis 


2 Somogyi, M Reducing Non- Sugars and True Sugar in Human Blood, 
J Biol Chem 75 33, 1927 







COOK-SOMOGYI—GLYCOLYSIS IN ERYTHREMIA 


815 


The loss of sugar by glycobsis in this sample was 74 mg m one hour, the 
remaining IS mg per hundred cubic centimeters again representing reducing 
substances other than sugar Whereas the brief duration of the process does 
not permit the conclusion that the rate was higher m this case than in the first, 
It IS fair to concede that it w'as at least not lower, a striking result, considering 
the difference of more than 100 per cent in the red counts of the two specimens 
Case 2— J G, a man, aged 49, was first seen on Dec 19, 1927, at which time 
his blood show^ed hemoglobin, 131 per cent, red blood cells, 8,900,000, and w'hite 
blood cells, 6,400 Many subsequent counts during and after the administration 
of phenylhydrazine show'ed an average white cell count of about 8,000 A few 
counts w'ere between 10,000 and 11,000 

On January 26, the blood showed red blood cells, 7,990,000, w'hite blood cells, 
7,600 The rate of glycolysis is showm m table 3 


Table 3 — Rate of Glycolysis m Case 2 on Januaiy 26 


Time 

of Incubation, 

Sugar Content, 

Loss of Sugar, 


Minutes 

Mg per 100 cc 

Mg per 100 cc 


0 

115 

0 


60 

97 

18 


120 

59 

56 


180 

25 

90 


Table 4- 

-Rate of Glycolysis in Case 2 

on Maich 9 

Time 

of Incubation, 

Sugar Content, 

Loss of Sugar, 


Minutes 

Mg per 100 cc 

Mg per 100 cc 


0 

112 

0 


30 

94 

IS 


60 

76 

36 


90 

57 

55 


120 

39 

73 


The loss in dextrose was 90 mg m three hours, or 30 mg per hundred cubic 
centimeters of blood per hour, a rate about twnce as high as m normal blood 

On February 1, the patient was given 005 Gm of phenylhydrazine three times 
daily, this dosage w'as later increased to 006 and 0 07 Gm three times daily 
He did not remain under rigid observation and w^as probably a bit irregular in 
taking the drug but by March 9 had receued a total of 5 Gm, w^hen it was 
discontinued The count at this time show^ed hemoglobin, 65 per cent, red blood 
cells, 4,080,000, and w'hite blood cells, 8,400, the rate of glycolysis is showm in 
table 4 

The rate of gKcolysis in this determination w^as 36 mg per hundred cubic 
centimeters of blood per hour, again slightly higher than it w^as before the red 
cell count had been decreased by approximately one half through the administra- 
tion of phenylhydrazine 

Since in the instance of myelogenous leukemia it has been suggested on the 
basis of considerable evidence that the increased rate of glycolysis may be due 
to the presence of an increased proportion of young, newly formed w'hite blood 
cells, w'e extended our investigation in this direction by repeating our experiments 
in case 2, wnth the addition of observations on the proportion of reticulated cells 
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On Jan 14, 1929, the blood picture was hemoglobin, 160 per cent, red blood 
cells, 9,800,000 , white blood cells, 8,720, and reticulated cells, 0 3 per cent The 
rate of glycolysis is shown in table S 

This represents a rate of glycolysis of 31 mg per hundred cubic centimeters 
per hour The patient was then given 007 Gm of phenylhydrazine three times 
daily until by Feb 15, 1929, the rather large total of 6 8 Gm had been taken 
On this date the hemoglobin was 90 per cent and the red blood cells 5,000,000 
The administration of the drug was discontinued, and five days later, on February 


Table 5 — Rate of Glycolysis in Case 2 on Jammy 14 


Time of Incubation, 

Sugar Content, 

Loss of Sugar, 

Minutes 

Mg per 100 cc 

Mg per 100 cc 

0 

105 

0 

30 

88 

17 

60 

73 

32 

120 

43 

62 

150 

28 

77 



Table 6- 

—Rate of Glycolysis in Case 2 on Febinary 20 

Time 

of Incubation, 
Minutes 

0 

30 

60 

90 

120 

Sugar Content, Loss of Sugar, 

Mg per 100 cc Mg per 100 cc 

80 0 

63 17 

47 33 

31 49 

18 62 


Table 7 

— Rate of Glycolysis in Case 2 on Maich 6 

Time 

of Incubation, 
Minutes 

0 

60 

90 

120 

150 

Sugar Content, Loss of Sugar, 

Mg per 100 cc Mg per 100 cc 

94 0 

59 35 

45 . 49 

30 64 

13 81 


20, the following observations were recorded red blood cells, 4,750,000, white 
blood cells, 12,500, and reticulated cells, 27 per cent, the rate of glycolysis is 
shown in table 6 

This table shows a rate of glycolysis of 31 mg per hundred cubic centimeters 
per hour, a value virtually identical with the one obtained before the reduction 
by one half of the red blood cells 

On March 6, the patient having received no phenylhydrazine meanwhile, this 
examination was repeated with the following result red blood cells, 4,470,000, 
white blood cells, 9,700, and reticulated red cells, 1 per cent , the rate of glycolysis 
IS shown in table 7 

The hourly rate of glycolysis in this instance was 32 mg per hundred cubic 
centimeters, or the same as m the preceding experiment It should be remem- 
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bered that m the last two experiments the blood filtrates foi sugar determinations 
were prepared by a new zmc-precipitatioii method,^ which accounts for the fact 
that the initial level of the blood sugar is about 20 mg per hundred cubic centi- 
meters lower than in the previous experiments on the same patient All sugar 
determinations were carried out by the modified Shaffer-Hartmann method 

SUMMARY 

1 The blood of patients with eiythiemia (polycythemia vera) shows 
a greatly inci eased rate of glycolysis 

2 This increased late is independent of the red cell count as influ- 
enced by phenylhydiazine, and shows no diiect relation to the proportion 
of young led cells, when the reticulated count is used as an index of such 
cells 

3 The inci eased late of glycolysis in the usual case of erythremia is 
not dependent on the increased white count since the increased rate is 
also present with a low white cell count 

3 Somogyi, M A Method for the Preparation of Blood Filtrates for 
Analysis, Proc Soc Exper Biol & Med 26 353, 1929 



THE BROMSULPHALEIN 


HEPATIC FUNCTION TEST 


REPORT OF A SERIES OF TESTS 

V H CORNELL, MD 
Captain, Medical Corps, United States Army 
SAN FRANCISCO 

Each of the numerous functions of the hvei has been used, at one 
time or another, as an index to the function of the whole organ The 
ideal test by which a quantitative estimation of one function of the 
liver may thereby indicate the degree of impairment in disease has not 
as yet been discovered Although this criticism may be directed against 
any of the tests in use, it is not constructive Only by repeated trial 
and experimentation can one hope to leain which tests aie best suited 
to estimate the function of the organ in any given disease 

Perhaps the most infallible test is the clinical observation of jaundice, 
and of the concomitant changes in the excreta, namely, dark urine and 
clay-colored stools Along with these clinical tests may be listed the 
laboratory tests which determine the amount of bilirubin in the blood, 
chief of which are the icterus index and the van den Bergh test Shat- 
tuck, Brown and Preston,’- m 1925, consideied the icterus index as the 
most useful of all tests for this organ, but also stated that the Rosenthal 
test was of gi eater value in cirrhosis and malignancy, that it served as a 
guide to arsenical treatment in syphilis and that its gieatest value was in 
hepatic disease without jaundice Snell and Rowntree,^ in 1928, consid- 
eied that serum bilirubin was best studied by the van den Bergh test, 
although the icterus index afforded information of clinical significance 

Dextiose and fructose toleiance tests, estimation of bile and of dye 
m the feces and urine, estimation of bile and d)'-e in the duodenal con- 
tents, together with many other tests, have been used Much has been 
written and many cases reported with regard to the use of phenoltetra- 
chlorphthalein This dye given intravenously is normally removed from 
the blood m fifteen minutes, with the exception of from 3 to 5 pei 
cent, and is all removed at the end of an houi Retention is considered 
to indicate impaired hepatic function This dye was irritant, caused 
occasional thrombosis and some severe local and geneial reaction, even 
though it was well diluted and the vein was well washed In 1925, 

+ Submitted for publication. May 25, 1929 

“ From the Laboratory Service, Letterman General Hospital 

1 Shattuck, H F , Brown, J C , and Preston, M P Am J M Sc 170 
510, 1925 

2 Snell, A M , and Rowntree, L G Am J Surg 4 206 (Feb ) 1928 
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Rosenthal and White ^ introduced a new dye which they had used experi- 
mentally in rabbits and then applied to clinical use This was brom- 
sulphalein (phenoltetrabromphthalein sodium sulphonate), and in 
twenty-five normal cases they found from 20 to 50 per cent of the dye 
remaining m the serum five minutes after intravenous injection, while 
there was none, or but a faint trace, remaining at the end of thirty 
minutes The average five minute letenfion in the normal subjects was 
35 per cent 

Maurer and Gatew'ood ^ had just previously quoted LeCount as 
suggesting the possibility of changes in the livei from the piesence of 
any halogenated compound in concentrated form, due to the splitting 
oft of the halogen acid in free foim by the active metabolism of the 
liver with lesultant acute necrosis In reply to this, Rosenthal and 
White, in a footnote to their article just mentioned, said “The state- 
ment that the quantity of tetrachlorphthalein used may damage the 
liver has no foundation in a large amount of experimental work, and 
seems chemically impossible on a basis of the halogen content ” 

Greene, Snell, Walters^ and others, in repoiting a senes of studies 
on hepatic function tests in 1925 stiessed the parallelism between the 
bihrubin content and dye retention in hepatic disordeis In a latei 
paper, Greene, McVicar, Rowmtree and Walteis® stated “We have 
stressed the close parallelism betw'een the behavior of the serum 
bilirubin and the phenoltetrachloiphthalem in this series of cases That 
the tw'o readings do not have the same significance is shown by' the 
behavior during the later portion of the recovery period ” This point 
is also further borne out by the diffeience between the tw'o tests in 
cirrhosis and carcinoma without jaundice 

Since the introduction of the new' dye, bromsulphalein, the oldei 
dye has been generally discarded A smaller quantity of bromsulphalein 
may be used yet a greater concentration lesults in the blood No 
thromboses have been reported (except one m a case of polycythemia 
vera),' nor have there been any' appreciable local or general reactions 
Direct injection of a 5 per cent solution without further dilution is 
used, and samples for reading are taken at five and thnty minute 
intervals, thus simplifying the procedure 

Major William S Shields w'as instrumental both in the use of tetra- 
chlorphthalein and in the change to bromsulphalein at the Letterman 

3 Rosenthal, S Isl , and White, E C Clinical Application of Bromsul- 
phalein Test for Hepatic Function, J A j\I A 84 1112 (April 11) 1925 

4 Maurer, S, and Gatewood, L C Phenoltetrachlorphthalem Liier Func- 
tion Test, JAMA 84 935 (IMarch 28) 1925 

5 Greene, C H , Snell, A M , and Walters, W Diseases of the Liver, 
Arch Int iMed 36 248 (Aug ) 1925 

6 Greene, C H , McVicar, C S , Rowmtree, L G, and Walters, W 
Diseases of the Liver, Arch Int liled 36 418 (Sept) 1925 

7 Serbi, A U , and Bloch, L Am J M Sc 176 367 (Sept) 1928 



820 


ARCHIVES OF INTERNAL MEDICINE 


General Hospital, and m February, 1928, use was made of the new dye 
Major Shields and Captain Douglas H Mebane have selected most of 
the cases m which the test was applied, generally, I believe, with a 
view to study of the individual case, but always with an open mind as 
to the conclusions to be drawn pending a closer study of the test 
Primarily, the fiist object in collecting the data in this series was to 
determine whether or not the five minute sample was of sufficient value 
to warrant its routine collection To decide this question, it has been 
necessary to classify and group all cases m which the test was used, 
and the data thereby collected are presented foi information Apparent 
points of interest have been emphasized and some suggested conclusions 
drawn 

PROCEDURE 

The test has been peifoimed as follows 

(a) The patient is prepared merely by having no breakfast This is done to 
avoid the oecasional cloudy serum obtained after a meal In the future I expect 
to allow dry, unbuttered toast and coffee without cream 

(b) The patient’s weight (stripped) is obtained, and this, divided by 55, gives 
the number of cubic centimeters of a 5 per cent solution of bromsulphalein to be 
injected This is based on a dosage of 2 mg per kilogram of body weight 

(c) The correct amount is injected into a large vein at the elbow, a 5 cc 
syringe graduated in tenths being used, and the injection completed in approxi- 
mately one minute At the beginning of the injection a stopwatch is started and 
the interval of injection noted 

(rf) Five minutes after completion of the injection, a sample of blood is with- 
drawn from a vein of the other arm, to avoid possible residual dye 

(c) Another sample is withdrawn thirty minutes after completion of the 
injection 

(/) The blood is allowed to clot, the coagulum gently loosened, the sample 
centrifugated and the clear serum removed 

(gr) To a portion of one sample of the serum a drop of 5 per cent hydrochloric 
acid IS added and to another portion, three drops of a 10 per cent solution of 
sodium hydroxide The other sample is treated only with the hydroxide An 
alkaline tube is thus prepared for each sample , only one acid tube is required for 
each test 

(/i) The acid tube is used as a serum control and behind it, m a comparator 
block, are placed the standards, as required Behind each alkaline tube is a tube 
of distilled water The tubes of permanent standards, as supplied by Hynson, 
Westcott and Dunning, are used to match the sample as nearly as possible The 
experimenters interpolate when it is thought necessary 

The average normal reading, according to Rosenthal,^ is 35 per cent 
at five minutes and zero at thirty minutes In a recent number of the 
Amencan Journal of Medical Science, Serby and Bloch’' reported a 
senes in which they used 35 as the upper limit of normal, but Rosenthal 
reported his normals to range between 20 and 50 Attention is called 
to the figures m the following tables which bear on this subject 
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During approximately seven months (February 10 to September 
13), 137 Rosenthal tests were performed, the bromsulphalein dye being 
used In the 137 tests performed, no five minute sample could be 
obtained (or was not desired) in ten tests on nine peisons These 
tests were not included in the tables, except foi three performed on 
patients whose other tests weie complete This gives a total of 130 
tests m 100 cases No effort was made at intensive study of these cases, 
other than as desired by the clinician The laboratory personnel were 
generally uninformed as to the chaiacter of each case, and much of the 
data presented have been abstracted from charts aftei dischaige of the 
patients However, when a question of proper classification arose, an 
effort was made to avoid favoiing the test by consultation with Captain 
Mebane, on whose service most of the patients were studied Fiom 

Table 1 — Bt ovisuIpJiaEin Tests at Letteiman Gene)al Hospital fiovi Feb 10 to 

Sept 13, 1928 


Group 

Cases 

Tests 

Hepatitis, nonsyphilitic and nonarsemcal 

5 

10 

Hepatitis, syphilitic and arsenical 

10 

19 

Cancer 

7 

9 

Cirrhosis 



Atrophic 

1 

2 

Unelassifled 

5 

5 

Hypertrophic 

19 

25 

Cholecystitis and cholelithiasis 

11 

11 

Cholangeitis 

3 

3 

Xonliepatic 

40 

41 


101 

131 

Correction for one case duplicated under malignancy and cirrhosis, 



hypertrophic 

1 

1 

Total 

100 

130 


the data recorded and his recollection of the case, it was then decided 
m what group such cases belonged No general reaction occurred in 
any of the patients to whom the dye was administered In a few cases 
accidental subcutaneous leakage of the dye was unavoidable, but no local 
reaction or discomfort followed Thrombosis after administration of 
bromsulphalein has not been observed at this hospital 

In table 1, the cases and tests are grouped to give a general idea as 
to the diseases studied 

In table 2 are shown two groups of tests (1) those giving read- 
ings of 50 per cent or under at five minutes, and zero at thirty minutes, 
and (2) those giving readings which indicate a retention of dye at both 
intervals Thirty-seven tests showed no retention above normal, the 
aveiage five minute reading being 38, which is close to Rosenthal’s 
average five minute reading of 35 Twenty of these tests were above 
35 and sixteen of the twenty above 40 Seventeen were 35 or less 
The distribution of these cases with regard to diagnosis will be shown 
latei and perhaps further light thrown on these figures 
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Fift}'-five tests showed a percentage of dye retention in both samples 
above the accepted normal In this table the five minute column gives 
the amount above the accepted maximum normal of 50 For instance. 

Table 2 — Tests SJwwing .Vo Rcictihon Above Notmal at Five Minute Reading 
and Retention Above Noitnal at Both Five and Thu tv Minute Readings 





Retention Above Normal at 


Xo Retention 


Both Intervals 



Above Normal 

f 

K 



■ A 

k 


Percentage Over Normal 


Test 

5 Minute 

Test 

/ ^ 

S 

dumber 

Number 

Reading 

Number 

5 Minutes 

30 Minutes 

1 

1 

45 

5 

5 

15 

0 

o 

45 

7 

50+ 

45 

o 

11 

35 

8 

5 

2 

4 

12 

38 

10 

40 

15 

5 

13 

35 

14 

5 

10 

8 

11 

50 

19 

28 

60 

7 

10 

40 

28 

20 

3 

S 

17 

50 

20 

40 

10 

0 

20 

35 

32 

10 

22 

10 

22 

31 

34 

35 

5 

11 

23 

35 

39 

40 

35 

12 

24 

38 

47 

35 

18 

13 

25 

35 

48 

50+ 

85 

14 

30 

45 

49 

50+ 

70 

11 

31 

35 

54 

35 

30 

IG 

33 

SO 

55 

50+ 

100 

17 

31 

22 

57 

10 

3 

18 

30 

25 

5S 

5 

8 

19 

40 

25 

59 

5 

15 

20 

41 

42 

63 

10 

12 

21 

44 

48 

64 

40 

38 

22 

41 

43 

65 

20 

5 

23 

50 

25 

67 

22 

4 

24 

51 

20 

68 

50+ 

70 

21 

53 

30 

69 

50+ 

57 

20 

56 

35 

70 

30 

35 

27 

60 

50 

71 

5 

8 

23 

61 

42 

73 

50+ 

95 

29 

72 

50 

74 

50 

38 

30 

81 

32 

75 

38 

23 

31 

89 

20 

77 

30 

4 

32 

93 

38 

83 

2 

8 

33 

12S 

50 

84 

35 

15 

34 

129 

45 

85 

50 

58 

35 

135 

45 

87 

35 

8 

36 

130 

40 

91 

50+ 

100 

37 

137 

45 

94 

2 

Trace 

38 



06 

40 

10 

39 



97 

50+ 

8 

40 



101 

10 

3 

41 



102 

50+ 

60 

42 



104 

10 

35 

43 



105 

2 

15 

44 



106 

45 

8 

45 



108 

45 

8 

46 



109 

5 

8 

47 



111 

10 

2 

48 



113 

50+ 

50 

49 



116 

50+ 

100 

50 



117 

50+ 

100 

51 



121 

35 

35 

52 



125 

50+ 

50+ 

53 



127 

10 

10 

54 



131 

40 

40 

55 



133 

30 

30 


Total 140S 

Average o minute reading, 3S 


no 4 (test 10) gave leadings of 90 and 15, and is recorded as 40 above 
normal at five minutes and 15 above normal at thirty minutes 

It will be noted that fourteen tests show a 50 plus five minute reten- 
tion above normal or the readings as reported were 100 per cent plus 
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If the standaicl maximum conceiitiation is collect, as computed by 
Rosenthal,^ i e , 2 mg of dye pei kilogram of body weight representing 
4 mg pel hundred cubic centimeteis of blood at highest concentiation, 
then it would seem impossible to obtain such a reading, foi this is the 
concentiation of dye lepiesented m the 100 pei cent tube in the set of 
standaids I have theorized on this point seeking an explanation, but 
so fai have failed They have all occurred in cases of hepatitis, 
cholangeitis oi malignancy — in cases with severe injury of the liver 
In one of these cases the same reading was made at thiity minute 
mteivals, though the second concentration was appreciably lighter than 
the fiist (about 160 and 120 as estimated) Three tunes the thirty 
minute concentration was read 100, once 95, once 85, tin ice 70 , once 
60, once 57, once 50, once 45 and once 8 per cent The last was duimg 
the improvement of a patient who suffered from a slight relapse The 
patients weie usually seveiely jaundiced, but in the test giving only 
8 per cent retention at thiity minutes theie was less than 0 8 van den 
Beigh unit present in the blood removed when the Rosenthal test was 
pel formed Further study of this group of tests showing retention at 
both mteivals has not been made except in connection with their clinical 
grouping 

Serby and Bloch, already quoted, also lepoited six cases m which 
a five minute retention was lecoided as 100 per cent plus, five of these 
being cases of caicmoma of the head of the pancreas, and one a case of 
sepsis with cloudy swelling of the liver They offered no explanation 
of these readings 

Table 3 records the tests m which retention was noted m the thirty 
minute sample but none above 50 per cent in the five minute samjile 
It should be noted that only four tests (nos 3, 10, 12 and 20) showed 
a five minute reading below 40, tin ee of them being m cases of cirrhosis 
and the other probably having some injiiiy of the liver Only four of 
the twenty cases in this group had no definitely assigned hepatic oi 
gallbladder disease There is what ma)^ be considered a slight slug- 
gishness of the hvei m the removal of the bulk of the dye as shown by 
the first reading, and a definite lag in removal of the dye as shown by 
the thirty minute retention This would appear to indicate definite but 
relatively slight impair ment of hepatic function Only five were below 
40 years, and they had either hepatic or some other severe disease 

In table 4 eleven tests are listed in which there was greater than 
50 per cent retention at five minutes but no dye lemainmg in the serum 
at thirty minutes Three of these cases had no indications of hepatic 
or gallbladder disease, and these three cases gave only 52 per cent 
leadings In this group of cases there appears to be slight retardation 
111 removal of the dye, but the removal is complete in thirty minutes 



Table 3 — Tests Showing Retention at Tlwty Minutes but Noinial at Five 

Minutes 


Rosenthal Van den Bergh 

^ ^ f — — — 

'lest 5 30 Qmnti- 

Ro Age Jso ilin 3Iin Direct Indirect tative 


1 

54 

4 

45 

10 



2 

54 

6 

45 

VFT* 



S 

43 

27 

35f 

10 



4 

62 

37 

50 

5 



5 

43 

38 

40 

5 



6 

65 

42 

48 

5 



7 

50 

43 

45 

7 



S 

66 

46 

50 

8 



9 

65 

52 

42 

3 



10 

40 

66 

38} 

5 

— 

+ — 

11 

25§ 

78 

48 

5 

+ 

+ 

12 

S3§ 

79 

sot 

FT* 

— 

+ — 

13 

50 

86 

40 

10 

— 

+ + 

14 

25 

92 

45il 

3 


+ — 

15 

37§ 

95 

45 

5 



16 

37§ 

98 

40 

8 



17 

25 

100 

4511 

3 



+ — 

18 

52 

103 

42 

10 


+ 

19 

50 

110 

40Tf 

3 



20 

67 

112 

33} 

3 



21 

60 

114 

50 

6 



22 

79 

122 

50 

5 



23 

39§ 

126 

50 

12 



24 

40 

130 

30 

3 




Comment 

Chronic hepatitis 
Chronic cholecystitis 
Cirrhosis, hj pertrophic, moderate 
Cirrhosis, hypertrophic, arteriosclerosis 
Cirrhosis, hypertrophic (first test 55 and 10) 
Cirrhosis, hypertrophic and arteriosclerosis 
(see no 9) 

Syphilis, tertiary, of central nervous system 
(took 6 doses of arsphenamine after this 
test)} 

Cholecystitis, chronic, severe jaundice (3 
months previous) 

Same case as no 6 

0 8 Cirrhosis, hypertrophic, early 

1 2 Hepatitis, acute (compare nos 14 and 17) 

0 8 Tonsillitis (possible hepatic hypertrophy)} 

1 Pernicious anemia (see no 19)} 

1 Same case as no 11 

Addison’s disease, nephroptosis 
Hepatitis, acute (prey lous lOO and 38, 85 and 
8, later 0 at 30 minutes) 

0 8 Same case as no 11 and 14 

1 Cirrhosis, hypci trophic, adenomatous goiter 

and arteriosclerosis 
Same case as no 13 

Cirrhosis, hypertrophic, early, arterioscle 
rosis 

Cirrhosis, hypertrophic, and arteriosclerosis 
Cirrhosis (?), carcinoma of lung (?), senility 
Cirrhosis, severe, syphilis, tertiary, plastic 
Cirrhosis, severe, syphilis, tertiary, plastic 
pentonitis, etc (previous 48 and 0, 60 and 
10, — and S, Van den Bergh uith first was 
++, 1) (five doses of arsphenamine prior 
to second test) 


* VFT means very faint trace, FT, faint trace 
i Indicates a five minute reading below 40 
} No hepatic disease assigned 
§ Under 40 years of age 
if Repeat test' 


Table 4 — Cases imth Retention Over Fifty at Five Minutes but Noinial at 

Thiity Minutes 


Rosenthal 

K 




Test 


-A 


No 

Age 

No 

5 Min 

30 Min 

Comment 

1 

57 

3 

65 

0 

Van den Bergh, negatiy'e, acute cholecystitis 

2 

52 

62 

55 

0 

Van den Bergh, 0 8 units, chronic cholelithiasis, 
mild myocarditis 

3 

52 

80 

70 

0 

Early hypertrophic cirrhosis 

4 

54 

82 

52 

0 

Arteriosclerosis, senility, hernia 

5 

33 

00 

52 

0 

Observation of gastro intestinal disease, not found 
bad teeth 

6 

29 

115 

55 

0 

Van den Bergh, 1 3 units, cholangeitis, acute, catar 
rhal, moderately severe 

7 

50 

120 

52 

0 

Arteriosclerosis 

8 

63 

123 

60 

0 

Cirrhosis of liver (hypertrophic?), arteriosclerosis, 
aortitis 

9 

45 

124 

60 

0 

Cholecystitis chronic, moderate, cause undetcr 
mined (subicteric) 

10 

51 

134 

55 

0 

Colitis, chronic, atonic, arteriosclerosis 

11 

40 

99 

85 

0 

Van den Bergh, negative, syphilis, tertiary, of cen 
tral ncry’ous system (liver tyvo flngerbreadths 
beloyv costal border) 
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This would appear to indicate a degree of hepatic impairment less than 
in the foregoing group in table 3 There were only two below 40 year s, 
and one of these had cholangeitis 

In table 5, the cases of cholecystitis, acute and chionic, and chole- 
lithiasis are listed, thiee cases of cholangeitis are also shown In con- 
sidenng these last cases, the question will aiise as to whether or not 
they should be classed as hepatitis The absence of any marked degree 
of hepatic tenderness oi any appreciable degiee of enlargement, and 
reliance on the clinician’s differential ability have seemed to wan ant 

Table 5 — Results m Cases of Disease of the Gallhladdei and Bile Duct 


Rosenthal 
Case , — * 


No 

No 

Age 

5 Mm 

30 Mm 

Cliolccystitis 

1 

3 

57 

65 

0 

Acute catarrhal, 
moderate 

2 

2S 

51 

85 

5 

Acute, (and arthritis, 
hypertrophic) 

3 

IS 

25 

35 

0 

Subacute, severe 

4 

6 

51 

45 

VFT 

Chronic (and arrested 
tuberculosis and 
myocarditis) 

5 

21 

S3 

45 

0 

Chrome (and appen 
dicitis) 

G 

25 

39 

35 

0 

Chrome 

7 

89 

GG 

50 

8 

Chrome, vith jaun 
dice (stones 7) 

8 

90 

45 

00 

0 

Chrome 

9 

94 

53 

50 

0 

Chrome (and arterio 
sclerosis, moderate, 
and arthritis) 

10 

19 

40 

85 

0 

Cholelithiasis 

11 

51 

52 

55 

0 

Cholelithiasis (and 
myocarditis, mild) 

Cholangeitis 

1 

S3 

29 

55 

0 

Acute, moderately 
severe 

2 

S5 

24 

100-f 

100-f 

Acute, moderately 
severe 

3 

96 

28 

90 

20 

Acute, moderately 
severe 


Comment 

Van den Bergh negative 

(Cirrhosis ?) third attack 

Van den Bergh, — ^ — earlj + + +, 
5 1 units) 

(Stones ?) , operation stopped 


Van den Bergh, negative, (p ithologie 
diagnosis gallbladder normal, chrome 
obliterating appendicitis) 
Appendectomy, IMS 

Liver trouble since 1909, Van den Bergh, 
14 and 9 2 units 

Pathologic diagnosis thick wall with 
severe chronic Inflammation 
Hypochlorhydna 


History of syphilis and intense treat- 
ment 

Van den Bergh, negative, confirmed by 
operation 


Drank much alcohol from 24 to IS hours 
prior to attack, liver slightly enlarged, 
not tender 

Liver at costal border, moderately 
tender 

Liver barely palpable 


their sepal ate classification All three patients weie under 30 The 
second case gave a quantitative van den Beigh reaction of 20 units 
In the three cases of cholecystitis showing some thiity minute reten- 
tion eithei hepatic inr^olvement or a stone in the common duct was 
suspected The limited numbei of cases would appear to bear out 
the obseivations of other students of this test, namely, that without 
obstiuction of the hepatic bile flow or definite hepatic disease, disease 
of the gallbladder per se does not cause a retention 

In table 6 twent}’'-five cases of hepatic cirrhosis are listed, these 
being subgrouped as atrophic, 1 , unclassified, 5, and hypertrophic, 19 
In the atrophic case the diagnosis was confiimed at autopsy In only 
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eight of these was theie more than 10 per cent letention at thnty min- 
utes, and m but six of the remaining cases was there moie than 5 
per cent 

The average five minute reading in the thirty-two tests performed on 
this group was 61 Only seven cases showed a five minute retention of 
less than 50, and in two of these theie was a higher reading at some 
other date There appears, then, to be definite or potential hepatic 
insufficiency m the elimination of dye m this group, as evidenced by 


Table 6 — Hepatic Cvi hosts 


Rosenthal 
Case , — * 


No 

No 

Age 

5 Mm 

30 Mm 

Type 

1 

32 

55 

90 

35 

Atrophic 




90 

38 


2 

38 

50 

43 

0 

Unclassified 

3 

53 

40 

38 

5 

Unclassified 

4 

61 

52 

70 

0 

Unclassified 

5 

87 

36 

85 

5 

Unclassified 

6 

92 

39 

50 

12 

Unclassified 

7 

5 

39 

55 

15 

Hypertrophic 

8 

8 

60 

55 

2 

Hypertrophic 

9 

13 

43 

55 

10 

Hypertrophic 




40 

5 


10 

22 

43 

35 

10 

Hy pertrophic 

11 

23 

56 

90 

10 

Hypertrophic 

12 

31 

62 

50 

5 

Hypertrophic 

13 

35 

65 

48 

5 

Hypertrophic 




42 

3 


14 

37 

40 

48 

0 

Hypertrophic 




60 

12 





— 

8 





50 

3 


15 

48 

54 

55 

8 

Hypertrophic 




SS 

23 


16 

64 

55 

85 

15 

Hypertrophic 

17 

72 

40+ 

90 

10 

Hypertrophic 

IS 

75 

52 

42 

10 

Hypertrophic 

19 

76 

36 

60 

35 

Hypertrophic 

20 

77 

55 

52 

15 

Hypertrophic 

21 

78 

60 

95 

8 

Hypertrophic 

22 

79 

55 

60 

2 

Hypertrophic 

23 

SO 

57 

33 

3 

Hypertrophic 

24 

88 

79 

50 

5 

Hypertrophic 

25 

89 

63 

60 

0 

Hypertrophic 


Comment 

Autops\ confirmed, sei ere abscess of prostate 

Endocarditis, slight (and nephritis ?) 

Early, epigastnc pain 9 years, ulcer treat 
ment in 1922 

Ulcer could not he confirmed 
History of extensive antisyphilitic treatment 
in past 

Moderately severe 

Jaundice, gallbladder not visualized, tetra 
chlorphthalein tests positive 
Arteriosclerosis, classified as severe 
Moderate, possibly syphilitic 

Classifl’d as moderate 

Arteriosclerosis 

Arteriosclerosis 

Plastic peritonitis and syphilis, tertiary 
(hepatitis?), (classified as severe, treated 
with arsplienamine between first and 
second tests) 

Anemia after lead po'soning moderate car 
diac hypertrophy 

Arteriosclerosis, advanced, myocarditis. Van 
den Bergh negative 

Arteriosclerosis and tonsillitis. Van den 
Bergh, 1 and 1 7 units 
Adenomatous goiter and arteriosclerosis 
Van den Bergh, 1 unit 
Syphilis, tertiary and syphilitic cirrhosis 
severe (autopsied) 

Pleurisy and hemorrhoids 
Arteriosclerosis and hemorrhoids 
Arteriosclerosis and senility, early 
Arteriosclerosis 

Carcinoma of lung, myocarditis, hydra 
thorax 

Arteriosclerosis hiccup, aortitis 


but four cases giving no retention m thirty minutes, as well as by the 
higher average five minute retention These are chronic cases, and the 
great reserve power of the liver as well as its ability to compensate by 
hypei trophy permits it to function relatively well even with considerable 
anatomic change Yet some estimate as to the amount of impairment 
or degree of compensation may be judged by the retention of the dj’^e, 
and a check on the hepatic function m cases of cirrhosis may aid in 
treatment, prognosis oi contemplated surgical inteivention 

There were three cases m which the diagnosis of syphilitic hepatitis 
was made or strongly favored, and seven cases apparently due to the 
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administration of arsphenamine No 6 (case 41, table 7) may be 
syphilitic instead of arsenical, the primary infection occuried m Febru- 
ary, 1928 Only one of the arsenical cases was not also syphilitic Six 
of the 100 per cent plus leadings occurred m this senes, all in severe 
cases and all showing a thirty minute retention above 45 (all but one 
above 70) 

Ten other cases of syphilis occurring in this series are tabulated in 
table 8 In these cases a diagnosis of syphilis was made or a definite 

Tablc 7 — Hepatitis, Syphilitic and Ai scnical 


Vnn den Bcrgh 
Eosenthal , '■ 


Case , » » Quant) 


No 

No 

Age 

5 Zilin 

30 jMjn 

Direct 

Indirect 

1 

7 


100+ 

45 

3+ 

3+ 




S5 

18 

-f* 

+ — 

2 

4G 

50 

35 

0 

2+ 

OJ- 

3 

91 

33 

100+ 

So 



4 

17 

20 

78 

60 

44" 

4 + 




35 

0 

0 

+ — 


5 40 

53 

100+ 

70 

34* 

3+ 



So 

30 

34- 

3+ 



55 

15 

QJ- 

2+ 



55 

8 

4* 

+ 



52 

8 

4- — 

+ — 



55 

8 

— 

— 

6 41 

21 

100+ 

70 

34- 

3+ 


7 5S 44 100+ 95 

3+ 

3+ 

10 

+ 

+ 


8 

84 

23 

100+ 

SO 

100 

10 

9 

93 

24 

GO 

8 

10 

47 

32 

60 

3 


tative 

Class 

Comment 

8 

Syphilitic 

Syphilis, tertiary 

09 

44 

Syphilitic 

Jaundice cleared eight 
diys previously 


Syphilitic 

“Hepatitis, probably 
sipbilitic”, syphilis 

12 

Arsenical 

Under treatment, jaundice 

1 


on reporting foi ne\t 
dose of arsphenamine, 
(second Van den Berg 
tiro ■weeks after second 
Rosenthal) 

15 1 

A.rsenical 

Dermatitis, severe, obssrva 

78 


tion for acute yellow 

23 


atrophy 

09 

08 

182 

Arsemcal 

Jaundice seventeen days 
after fourth dose of 
arsphenamine, possibly 
syphilis 

15 

Arsenical 

Jaundice three days after 

1 6 


second dose, second 
course, (second test 
seventeen day's after 
first) 


Arsenical 

Jaundice and vomiting 
sii. to eight weeks after 
last dose of arsphena- 
mine 


Arsenical 

Jaundice nine weeks after 
last dose of arsphena- 
mine of second course 


Aisenical 

Not Syphilitic, one dose 
of arsphenamine for 
pulmonary spirochetosis 


history of previous diagnosis and treatment was obtained Fifty per 
cent of these cases showed retention at thirty minutes, and all but one 
of these five cases had more than 50 per cent retention at five minutes 
This case (case 36 — no 6, table 8) showed 45 per cent retention at five 
minutes and 7 per cent at thirty minutes, a definite indication of hepatic 
impaiiment The patient was, therefore, not given arsenicals until 
piepared by a preliminary course of treatment, and consequently no 
acute hepatitis developed when neoarsphenamine was administered 
It IS believed that here the Rosenthal test was of definite preventive 
value Onl)^ two cases gave less than 40 per cent five minute retention 
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The three patients giving more than 40 per cent retention in five minutes 
and none in thirty minutes had received intensive antisyphihtic treat- 
ment during the past four to seven months with no evidence of hepatic 
embarrassment Howevei, these three patients received iodide and 
meicur)'^ preparation as a routine before the use of arsenicals 

Table 8 — Other Syplnlthc Cases vi Seites 


Eosenthal 








No 

No 

Age 

5 llin 

30 Mm 

1 

1 

51 

45 

0 

2 

2 

36 

45 

0 

3 

13 

43 

55 

10 




40 

5 

4 

19 

40 

35 

0 

5 

30 

52 

25 

0 

6 

3S 

50 

45 

7 

7 

37 

40 

48 

0 




60 

12 




50 

8 




50 

3 

S 

50 

44 

42 

0 

9 

76 

36 

GO 

35 

10 

87 

36 

85 

5 


Comment 

Syphilis, tertiary, of central nervous system 

Syphilis tertiary, of central nervous system (? hepatic symp 
toms) 

Hypertrophic cirrhosis, probably syphilis of central nervous 
system 

Cholelithiasis, history of syphilis and treatment 

Syphilis, tertiary, of central nervous system 

Syphilis, tertiary, (took si\ doses of aisphcnamine later fol 
lowing succinamide) 

Syphilis, tertiary, hypertrophic cirrhosis, (? hepatitis), 
(received arsphenamine between first and second tests) 


Syphilis, tertiary (gummatous change in lung) 

Syphilis, tertiary, and syphilitic cirrhosis, severe, (autopsied) 
Cirrhosis, unclassified, history of extensive antisyphihtic treat 
ment in past 


Table 9 — Hepatitis, Nonsvphihfic and Nonaisenical 


Van den Bergli 
Rosenthal , » 



Case 


f 

A - _ _ 

■N 


Quanti 



No 

No 

Age 5 Min 

30 Min 

Direct 

Inoirect 

tntive 

Diagnosis 

Comment 

1 

4 

54 

45 

10 




Chrome hepatitis. 

Wassermann reac 









arthritis 

tion negative 

2 

15 

38 

JO 

0 




Subacute, nepbro 

No autopsy, Was 




70 

3 




lithiasis and 

sermann and Kahn 









peritonitis 

reactions negative 

3 

45 

30 

100+ 

100 

4 + 

4 + 

31 5 

Acute hepatitis. 

Some tooth trouble 




72 

4 

2+ 

21- 

4 6 

severe, cause 
undetermined 





80 

4 

2+ 

2+ 

35 





100+ 

8 

+ 

+ 

08 






95 

8 

a. 

+ 

09 



4 

52 

25 

70 

5 

+ 

+ 

2 4 

Acute (Van den 

Heavy dnnbing 




48 

5 

+ 

+ 

1 2 

Bergh 18 days 

prior to attack 




45 

3 

+ — 

+ — 

1 

before first Rosen- 




45 

3 

— 

+ — 


thal 6 2 units) 


5 

59 

36 

100 

38 

2+ 

2-L 

38 

Acute hepatitis, 

Two doses of ars 




85 

8 

+ 

+ — 

1 

(arsenical 7), 

phenamine 10 days 




40 

8 

+ — 

+ — 


(not syphilitic, 

previously 




•“ 

0 


+ — 


Wassermann reac 
tion negative) 



The five patients with nonsyphilitic or nonarsenical hepatitis showed 
definite retention at some stage of the disease (table 9) None of the 
five minute readings were less than 40 per cent One of these cases 
should probably be classed as arsenical (no 5 — case 59) as the patient 
admitted late in the illness that he “unofficially” leceived two injections 
of neoarsphenamine, but strongly denied syphilitic infection No evi- 
dence of syphilis was found, and the Wassermann reaction of the blood 
was negative 
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The seven cases of malignancy in which this test was applied showed 
a definite letention (table 10) All but two diagnoses weie confiimed 
by operative or autopsy obseivations Both of these showed definite 
hepatic enlargement Several other wi iters have stiessed the value of 
this test foi detei mining hepatic metastases in cases showing no jaun- 
dice As a guide to treatment, especially with legaid to suigical mtei- 
vention, the test is of much value 

Forty cases are listed in table 11 as clinically nonhepatic, that is, 
there was no clinical evidence to indicate hepatic involvement In table 
11 two cases (nos 39 and 40, or cases 74 and 82) aie included which 
were diagnosed hypertiophic cirrhosis As noted, the diagnosis m these 
two cases was influenced by the Rosenthal test Foui othei cases showed 

• Table 10 — Malignancy 


Van den Bergh 
Hosenthal , ' 



Case 




^ 



Quanti 



No 

No 

Age 

5 Mm 

30 Mm 

Direct 

Indirect 

tative 

Diagnosis 

Comment 

1 

26 

G2 

60 

22 

2+ 

2+ 

83 

Generalized ab- 

Confirmed by opera 









dominal carcinoma 

tion, no autopsy 

2 

64 

57 

100+ 

70 

3-f- 

3+ 

171 

Observation malig 

Liver 1 inch abo\e 




100 

58 

3-f 

3+ 

16 

nancy (pancreas ?) 

umbilicus 




100+ 

GO 

4 - 1 . 

4 + 

231 



3 

55 

53 

100+ 

57 




Caicmoma of livei, 

Gastric distress for 









pancreas and 

20 years, no 









stomach 

autopsy 

4 

50 

46 

80 

33 

2+ 

2+ 

89 

Dymphosarcoma, 

Limited hepatic m 









retroperitoneal 

volvement but ob 









and mesenteric 

struction 

5 

08 

42 

100+ 

100 




Generalized ab 

Confirmed by opeia- 









dominal carcinom i 

tion, no autopsy 

0 

81 

37 

100+ 

50 




Melanosarcoma, 

Massive hepatic 









generalized 

metastasis, 










autopsy 

7 

88 

79 

50 

5 




Carcinoma of 

Hi drothora\, 


lung (?), cirrhosis light 
of liver (?) 


more than a tiace of retention at thiity minutes No 31 (case 9) 
probably had at least a congested liver In no 32 (case 36) the patient 
had syphilis, and it may be assumed that theie was othei wise undis- 
coveied hepatic injury In no 34 (case 65) the condition was diagnosed 
pernicious anemia, and the patient gave a history of dysentery in the 
Philippines in 1898, with a later histoiy of wateiy stools with some 
blood foi the past few years One month prior to admission he had 
been jaundiced In this case there were two possibilities either that 
he had injury to the liver from intestinal infection and toxemia, or that 
there was some change m hepatic function in such a severe disease of 
the blood as pernicious anemia No 36 (case 71) cannot be explained , 
there is some question as to whether this is actually a case of Addison’s 
disease 

The average five minute reading for this entire group was 42 07 
per cent If the seven readings m the six cases which also showed more 
than a trace of dye in thirtj’' minutes ai e omitted, the average five 
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minute reading for the remaining thirty-four cases becomes 39 85 per 
cent — approximately 40 per cent 

If these thiity-four cases are subdivided into two groups, one to 
include all cases with a five minute retention greatei than 40 per cent 


Table 11 — Nonhepatic Cases 


No 

Case 

No 

Age 

Rosenthal 

A 

t 

5 mm SO Mm 

Diagnosis 

Comment 

1 

1 

51 

45 

0 

Syphilis, tertiary, ot central 


2 

2 

36 

45 

0 

nervous system 

Syphilis, tertiary of central 

(? of hepatic symptoms) 

s 

10 

41 

35 

0 

nervous system 

Constipation, chronic, sev ere 


4 

11 

63 

38 

0 

Arteriosclerosis, myocarditis 


5 

12 

54 

35 

0 

Diabetes mellitus, severe 


6 

14 

60 

50 

0 

Arteriosclerosis 


7 

16 

55 

50 

0 

Multiple neuritis, sequelae 

t 

8 

20 

38 

45 

0 

Spastic colitis 


9 

27 

29 

30 

0 

Chronic nephritis 


10 

29 

50 

22 

0 

Myocarditis and hypertension 


11 

30 

52 

25 

0 

Syphilis, tertiary, of central 


12 

33 

31 

25 

0 

nervous system 

Appendicitis, chronic 

Pathologic diagnosis acute 

13 

34 

? 

42 

0 

Enterocolitis, chronic, recurrent 

exacerbation 

14 

42 

38 

25 

0 

Varicose veins and ureteral 

Cholecystectomy, 1925 

15 

43 

15 

20 

0 

Linlv 

Stomatitis 

Slight gastric symptoms 

16 

44 

34 

30 

0 

Gastritis, chronic 

Probably alcoholic 

17 

49 

39 

50 

0 

Gastritis, chronic 

18 

50 

44 

42 

0 

Syphilis, tertiary 

Pulmonary gumma 

19 

57 

47 

50 

0 

Duodenal ulcer and chronic 

Confirmed by operation 

20 

62 

34 

32 

0 

appendicitis 

Neurasthenia 

21 

66 

30 

20 

0 

Gastric neurosis and tonsillitis 


22 

67 

33 

52 

0 

Obsen'ation, gastro intestinal 

Bad teeth 

23 

69 

42 

38 

0 

disease not found 
Myelogenous leuhemia 


24 

86 

50 

52 

0 

Arteriosclerosis 


25 

95 

40 

45 

0 

Arteriosclerosis, constip tion 


26 

93 

86 

45 

0 

Alcoholism, chronic, severe 

f 

27 

99 

56 

40 

0 

Duodenal ulcer, chronic 

/ 

28 

63 

54 

52 

0 

Arteriosclerosis, senility, hernia 


29 

97 

51 

55 

0 

Colitis, chronic, atonic and 


so 

100 

40 

45 

0 

arteriosclerosis 
Arteriosclerosis, eczema 

Disease of gallbladder not 
found 

Probable congested liver 

31 

9 

35 

90 

15 

Valvular heart disease (mitral 

32 

36 

50 

45 

7 

regurgitation and stenosis, 
auricular fibrillation) 

Syphilis tertiary, of central 

Took SIX shots of arsphcnaminc 

S3 

60 

35 

30 

NT 

nervous system 

Tonsillitis 

later, foUou'ing succinamide 
“Possible hepatic hypertrophy’’ 

34 

65 

50 

40 

10 

Pernicious anemia 

Jaundice, history of dysentery. 

35 

70 

78 

40 

52 

3 

Trace 

Cardiac hypertrophy and 

189S 

Congestion ? 

35 

71 

37 

45 

5 

arteriosclerosis 

Addison’s disease and 

S7 

73 

40 

S5 

0 

nephropto&is 

Syphilis, tertiary, of central 


38 

21 

47 

38 

0 

nervous system 

Arteriosclerosis, general, moderate 

39 

74 

47 

60 

3 

Hypertrophic cirrhosis, arterio 

Diagnosis influenced by Rosen 

40 

82 

47 

50 

6 

sclerosis, myocarditis 
Hypertrophic cirrhosis, arter,o 

thal test 

Dngnosis influenced by Rosen 






sclerosis 

thal test, liver not enlarged 


which have a diagnosis warranting a suggestion of hepatic involvement, 
and the other group including the remainder, lather interesting and 
perhaps instructive figures aie obtained 

In table 12 are tabulated the fiist subgroup of nonhepatic cases 
The diagnoses m these cases are considered sufficient to wan ant at 
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least a suggestion of hepatic involvement The average five minute 
letention of this group was 49 4 per cent 

In the second subgroup of nonhepatic cases, all but two of the five 
minute leadings were below 40 per cent (table 13) The diagnoses, 

Table 12 — Nonhepatic Cases zvith Moie than 40 Pei Cent Five Minute Retention 
(with Diagnosis Pa nutting Suggestion of Hepatic Involvement) =*■ 


No 

Case 

No 

A . . . 

Eosenthal 

5 Min 30 Min 

1 

1 

45 

0 

2 

2 

45 

0 

6 

14 

50 

0 

8 

20 

45 

0 

13 

34 

42 

0 

17 

49 

50 

0 

18 

50 

42 

0 

IP 

57 

50 

0 

24 

80 

52 

0 

25 

95 

45 

0 

28 

98 

45 

0 

27 

99 

40 

0 

28 

63 

52 

0 

29 

97 

55 

0 

30 

100 

45 

0 

35 

70 

52 

Trace 

37 

73 

85 

0 

Totals 17 
Average 

840 

49 4 



Diagnosis 

Syphilis, tertiary, of central nervous system 
Syphilis, tertiary, of central nervous system 
Arteriosclerosis 
Spastic colitis 

Enterocohtis, chronic, recurrent 
Gastritis, chronic 
Syphilis, tertiary 

Duodenal ulcer and chronic appendicitis 

Arteriosclerosis 

Arteriosclerosis, constipation 

Alcoholism, chronic, severe 

Duodenal ulcer, chronic 

Arteriosclerosis, senility, hernia 

Colitis, chronic, atonic and arteriosclerosis 

Arteriosclerosis, ecrema (disease of gallhladdei not found> 

Cardiac hypertrophy and artenosclerosis 

Syphilis, tertiary, of central nervous system 


* Of the cases listed iti table 11, nos 5, 31, 32, 34 , 30, SO md 40 are omitted ns c iscs 
nitli probable hepatic involvement 


Table 13 — Nonhepatic Cases zoith Lesz than 40 Pei Cent Five Minute Retention 
(Except fot Tzvo Above Fifty Who Showed no Condition Pcimitting 
Suggestion of Hepatic Involvement) 


Case 


Eosenthal 

K. 


No 

No 

5 Mm 

30 Min 

Diagnosis 

3 

10 

35 

0 

Constipation, chronic, severe 

4 

11 

38 

0 

Arteriosclerosis, myocarditis 

5 

12 

35 

0 

Diabetes mellitus, severe 

7 

16 

50 

0 

Multiple sclerosis, sequelae of 

9 

27 

30 

0 

Chronic nephritis 

10 

29 

22 

0 

Myocarditis and hypertension 

11 

30 

25 

0 

Syphilis, tertiary, of central ner\ous system 

12 

S3 

23 

0 

Appendicitis, chronic 

14 

42 

25 

0 

Varicose veins and ureteral hink (cholecystectomy, 1925) 

15 

43 

20 

0 

Stomatitis 

16 

44 

30 

0 

Gastntis, chronic (probably alcoholic) 

20 

62 

32 

0 

Neurasthenia 

21 

66 

20 

0 

Gastric neurosis and tonsillitis 

22 

67 

52 

0 

Observation, gastro intestinal disease not found (bad teeth) 

23 

69 

38 

0 

Myelogenous leukemia 

33 

60 

30 

FT 

Tonsillitis, “possible hepatic hypertrophy” 

38 

21 

38 

0 

Arteriosclerosis, general, moderate 

Totals 

17 

545 



Avei age 


32 




histones and physical observations in these two cases were not con- 
sideied definite enough to permit placing them in table 12 The average 
five minute retention of this group of seventeen cases was 32 per cent 
In these last two tables a feature is demonstrated which had repeat- 
edly impi essed me while studying the series of cases, namely, that a five 
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minute letention between 40 and 50 per cent should create a suggestion 
of hepatic involvement As these five minute retentions above 40 per 
cent occur fiequently in cases showing no retention at the tliiity minute 
period, It IS my belief that the five minute sample should always he 
obtained, if possible 

SUMMARY 

1 One bundled and thirty Rosenthal hi omsulphalem tests m 100 
cases are reported No unfavorable leactions or results have been 
observed 

2 Thii t) -seven tests showed no i etention above Rosenthal’s normal 
figures The average five minute leading for this group was 38 per 
cent 

3 Fift 3 '^-five tests showed a i etention above normal in both samples 

4 Fourteen five minute samples are recorded above 100 per cent 
This is unexplained, but bihrubinemia seems to be a causative factor 

5 Of twent 3 '^-four tests showing a thirt 3 '’ minute i etention and 50 
per cent oi less at five minutes, onl 3 ' four fell below 40 per cent at five 
minutes 

6 Eleven cases showed greatei than 50 per cent at five minutes 
and no i etention at thiity minutes All but three had some hepatic or 
gallbladdei disease 

7 Cases of disease of the gallbladdei and bile duct gave no retention 
except when theie was hepatic involvement, definite or suspected 

8 Of twenty-five cases of hepatic cirrhosis, 44 per cent (eleven 
cases) sho-wed 5 per cent oi less retention at thirty minutes, the average 
five minute reading of this gioup (thirt 3 '^-two tests) was 61 per cent 
Onl 3 ’’ five cases showed less than 50 per cent retention at five minutes 
(two otheis did but had other highei letentions) Only four cases 
showed no thiity minute i etention 

9 All of the seven cases of aisenical hepatitis showed i etention 
Two of three cases of S 3 "phihtic hepatitis showed retention, the third 
case had been fiee fiom jaundice foi eight days preceding the Rosenthal 
test One case of the arsenical gioup showed permanent injury by the 
Rosenthal test after the van den Beigh leaction had become negative 

10 Five of ten otlier patients in the series who had syphilis, but 
no diagnosis of hepatic involvement, showed retention In cases of 
svphihs vith suspected hepatic in\olvement the control of arsenical 
treatment bj'^ this test is indicated 

1 1 All but one of fifteen cases of hepatitis showed definite retention 
The one exception was not tested until eight days after jaundice had 
disappeared (tables 7 and 9) 
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12 The observations of others in malignant disease of the liver are 
confirmed 

13 Forty cases (40 pei cent of the senes) were not considered 
clinically as evidencing hepatic involvement Two of these were diag- 
nosed cirrhosis of the liver, but the diagnosis was influenced by the 
Rosenthal test In thiee of the four other cases showing more than a 
tiace of dye retention at thirty minutes hepatic dysfunction could 
leasonably be assumed Omitting these six cases, the average for the 
remaindei of the group was 40 per cent letention at five minutes 

CONCLUSIONS 

1 The biomsulphalein dye, used as directed by Rosenthal, is of 
distinct value in determining the presence and degiee of hepatic dys- 
function 

2 Bromsulphalem is safer, less toxic, less nutating and easiei to use 
than phenoltetrachlorphthalem 

3 From 35 to 38 per cent may be considered as the noimal average 
five minute letention 

4 Between 40 and 50 pei cent letention at five minutes should create 
suspicion of hepatic disorder Othei ciiteiia need to be used in such 
a case 

5 Above 50 pei cent letention at five minutes is stiongly suggestive 
of hepatic disease or disordei, and combined with a thirty minute reten- 
tion IS almost diagnostic of injuiy to the liver 

6 The test is of special value (1) m detei mining functional oi 
anatomic damage to the livei m cases of disease of the gallbladder or 
bile duct, (2) in determining hepatic involvement in cases of malignancy, 
(3) in controlling antisyphihtic aisenical tieatment, (4) m determining 
the degiee of residual disorder after acute disease of the liver, (5) in 
detei mining hepatic involvement in cases of tertiary syphilis and (6) 
in confiiming suspected disease of the liver without jaundice 

7 The five minute sample is of such frequent value that it should 
be collected as a routine 

8 This test is a valuable addition to the means of study of hepatic 
disease, but it should not be allowed to replace thoi ough clinical observa- 
tion nor should it be used independently of other tests if they are 
indicated 
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VI THE EFFECT OF PARATHYROID EXTRACT ON THE DIFFUSI- 
BILITY OF CALCIUM IN HUMAN BEINGS 

A CANTAROW, MD 

PHILADELPHIA 

A decreased total serum calcium is a constant observation in para- 
thyroprivic tetan)*-, but there is considerable difference of opinion m the 
literature as to the distribution of the diffusible and nondiffusible frac- 
tions m this condition The diveigent results obtained may be explained 
in part by the fact that different experimental methods have been used 
by different investigators For reasons which have been stated previ- 
ously ^ it seems that, from a physiologic point of view, the consideration 
of the cerebrospinal fluid as the diffusible portion of the serum calcium 
is more satisfactory than the deteimination of diffusible calcium by 
ultrafiltiation or dialysis 

Cameron and Moorhouse ^ found that in parathyroidectomized dogs 
the total serum calcium was greatly diminished but that the spinal fluid 
calcium was little altered They concluded that in pai athyropnvic tetany 
the reduction is in the nondiffusible calcium The same conclusion was 
reached by Cruickshank ^ On the othei hand, Moritz and von Mey- 
senbug and McCann ® noted a reduction m both diffusible and non- 
diffusible calcium in the same ratio Moritz ® found that following the 
injection of parathyioid extract in rabbits, there was an increase in 
both diffusible and nondiffusible calcium, the inci ease being more marked 

Submitted for publication, June IS, 1929 

* From the Medical Service of Dr Thomas McCrae and the Department for 
Diseases of the Chest, Jefferson Hospital 

1 Cantarow, A Calcium Studies V The Relationship Between the 
Calcium Content of Cerebrospinal Fluid and Blood Serum m Health and in 
Disease, Arch Int Med 44 670 (Nov) 1929 

2 Cameron, A T, and Moorhouse, V H K Tetany of Parathyroid 
Deficiency and the Calcium of the Blood and Cerebrospinal Fluid, J Biol Chem 
63 687, 1925 

3 Cruickshank, E W H Studies on Experimental Tetany, Biochem J 
17 13, 1923 

4 Moritz, A R The Effect of Ultra-Violet Radiation on the State of 
Serum Calcium, J Biol Chem 64 81, 1925 

5 Von Me 3 "senbug, L, and McCann, G F The Diffusible Calcium of the 
Blood Serum 2 Human Rickets and Experimental Tetany, J Biol Chem 
47 541, 1921 

6 Moritz, A R The State of the Serum Calcium in Experimental Hypo- 
and Hj'per-Calcemia, J Biol Chem 66 343, 1925 
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in the diffusible fraction Liu ^ injected parathyroid extract into two 
patients with parathyroid tetany and found that the total serum calcium 
rose, the rise being greater in the diffusible than m the nondiffusible 
portion 

In the present investigation simultaneous determinations of the blood 
serum and cerebiospinal fluid calcium in eleven patients weie made, 
before and at four hour intervals after the intramuscular injection of 
40 units of paiathyroid extract® The patients included four with 
essential epilepsy, two with mental deficiency, two imbeciles and three 
with bronchial asthma The location of the patients necessitated the 
lapse of thnty-six hours between the collection of the material and the 
calcium determinations Numerous checks on seium and spinal fluid, 
which was allowed to stand at room temperature for forty-eight houi s 
showed no change in calcium content beyond the experimental 



Chart 1 (case 1) — Calcium determinations m a patient with epilepsy In this 
and the following charts, the relationship between the total blood serum calcium 
and Its diffusible and nondiffusible fractions before and at four hour intervals 
after the intramuscular administration of 40 units of parathyroid extract are 
shown The total calcium is represented by the solid line, the diffusible calcium 
by the broken line and the nondiffusible calcium by the dotted line 

erroi of 2 per cent The method used for the calcium determinations 
was the Claik-Collip modification of the Kramer-Tisdall method for 
determining serum calcium ® 

7 Liu, S H The Partition of Serum Calcium into Diffusible and Non- 
diffusible Portions, Chinese J Physiol 1 331, 1927 

8 The preparation used was parathyroid extract-Collip, supplied b> Eh Lilly 
and Company, through the courtesy of Dr J H Warvel 

9 Clark, E P , and Colhp, J B A Study of the Tisdall Method for the 
Determination of Blood Calcium with a Suggested Modification, J Biol Chem 
63 461, 1925 
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Chart 2 (case 2) — Calcium determinations in a patient with epilepsy 
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EXPERIMENTAL DATA 

The lesults obtained aie shown in the accompanying chaits The 
term “diffusible” is applied to the cerebi ospmal fluid calcium, the differ- 
ence between it and the total serum calcium being consideied non- 
diffusible 

Total Serum Calcmm — ^The seium calcium befoie the injection of 
paiathyioid extract was fiom 7 to 11 5 mg pei hundred cubic centi- 
meteis, the figmes foi the three patients with asthma being 7, 7 5 and 
8 5 mg One patient with epilepsy had a serum calcium of 11 2 mg , 
and one with imbecility, 115 mg , the other figuies were within the 
noimal limits of from 9 to 11 mg As was noted in previous studies,^® 
there was a geneial tendency toward an mciease m serum calcium, the 
most maiked rise occuiiing fiom eight to twelve houis after the injec- 
tion 111 most instances In cases 1, 3 and 5, the mciease was compaia- 
tively slight However, as Hunter and Aub have pointed out, 
alterations in calcium metabolism may follow the admmisti ation of the 
parathyroid hoimone without any significant change in the level of 
serum calcium In the patients with bronchial asthma a maiked eleva- 
tion occuried, amounting to 5 2 mg in case 2 

Cei eh ospmal Flmd Calcmm — ^The contiol values langed from 4 9 
to 6 mg The noimal cerebi ospmal fluid calcmm was found in a pie- 
vious stud) ^ to be from 4 5 to 5 5 mg pei hundred cubic centimeteis 
In this group of patients five showed figuies above noimal case 3, 
epilepsy, 6 mg , case 5, imbecility, 5 8 mg , case 8, mental deficiency, 
5 6 mg , cases 10 and 11, bronchial asthma 6 mg and 5 7 mg , lespec- 
tively Following the injection of parathyroid extiact, the geneial 
trend was toward a use in the spinal fluid calcium In only two 
instances (cases 6 and 7) did this figure fail to rise above the high limit 
of normal In only two patients, however, was the elevation maiked 
(cases 3 and 5), and it appeals significant that in case 3 an increase of 
1 5 mg at the end of four houis was accompanied by a slight deciease 
in the total seium calcium Another obseivation worthy of attention 
IS that in two of the patients with bronchial asthma (cases 10 and 11) 
there was a piehminary fall in cei ebi ospmal fluid calcium at the end of 
foiii houis, coincident with a definite rise in total serum calcium 

10 Cantarow A , Caven, W R , and Gordon, B L Changes in the Chem- 
ical and Phjsical Characteristics of the Blood Following the Administration of 
Parathyroid Hormone, Arch Int Med 38 509 (Oct ) 1926 Cantarow, A , 
Dodek. S M, and Gordon, B L Calcium Studies in Jaundice, Arch Int Med 
40 129 (Aug) 1927 

11 Hunter, D and Aub, J C Lead Studies 15 The Effect of Parathy- 
roid Hormone upon the Excretion of Lead and of Calcium in Patients Suffering 
from Lead Poisoning Quart J Med 20 136, 1927 




Chart 6 (case 6) — Calcium determinations in an imbecile 
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Nondifj-nsihle Calcnim — The normal values for nondiffusible cal- 
cium in a previous senes were fiom 4 7 to 5 75 mg per hundred cubic 
centimeteis ^ In the piesent senes five were within normal limits, one 
(case 2, epilepsy) was above normal (6 mg), and five weie below 
1101 mal (case 3, epilepsy, 4 15 mg , case 7, mental deficiency, 3 95 mg , 
cases 9, 10 and 11, bionchial asthma, 18, 1 5, 2 8 mg, respectively) 



Chart 7 (case 7) — Calcium determinations in a mentally deficient patient 



Chart 8 (case 8) — Calcium determinations in a mentally deficient patient 


After the injection of parath 5 n*oid extract, there was a distinct elevation 
of nondiffusible calcium in every case The greatest use was found at 
the end of the twelve hour period in all but one patient (case 10) This 
patient was the only one in whom the nondiffusible calcium did not 
exceed the diffusible at the end of twelve houis. although prior to the 
injection the reverse was the case in all but two instances (cases 1 
and 2) 
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Chart 10 (case 10) — Calcium determinations in a patient with bronchial asthma. 
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Ratio of Diffusible to N ondiffusihle Calcium — The change that fol- 
lows the administration of parathyroid extract may be shown by a con- 
sideration of the ratio of diffusible to nondiffusible calcium as illustrated 
in the accompanying table In five cases theie was an increase in the 
latio at the end of four hours, but at the end of the twelve hour period 
the figure was below the contiol m every patient, the lowest figuie in 
eveiy case but one (case 10) being obtained at this time 



Chart 11 (case 11) — Calcium determinations in a patient with bronchial asthma 


The Ratio of Diffusible to Nondiffusible Calcium Before and at Foia Hoin 
Inteivals After the Inti amuscular Injection of 40 Units of Patathyi oid Extract 


Cases 

Control* 

4 Hours* 

8 Hours* 

12 Hours* 

1 

9S 

109 

109 

81 

2 

S3 

105 

111 

73 

3 

144 

288 

87 

96 

4 

110 

100 

100 

81 

5 

101 

175 

95 

91 

6 

104 

106 

101 

80 

7 

134 

120 

104 

91 

S 

119 

no 

05 

8S 

0 

2S8 

214 

115 

91 

ID 

400 

93 

133 

157 

11 

203 

90 

86 

82 


Ratios ©TPrcssed as percentages 
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COMMENT 

Parathyroid extract appears to affect both the diffusible and the 
nondiffusible fractions of serum calcium In this respect, the observa- 
tions in the present study confirm those of Moritz ® He believed, how- 
ever, that the diffusible calcium was affected more than the nondiffusible, 
whereas the figures m the present study seem to indicate that the reverse 
IS the case This apparent contiadiction may be due, as previously sug- 
gested, to the diffeience in experimental method Furthermore, the 
work of Moritz was done on rabbits, a species which appears to be 
much less lesponsive to parathyioid extract than other animals It 
would seem that a more exact index of the calcium distribution in the 
tissues is obtained by the simultaneous determination of blood serum and 
cerebrospinal fluid calcium, which takes into account the variable factor 
of cell membrane peimeabihty This factor is disregarded in dialysis 
and ultiafiltration experiments, a fact which may be of particular impor- 
tance in view of the decided effect of calcium on cell permeability 

The most marked inciease in nondiffusible calcium occurred in 
patients m whom this factor was originally low, as in those with bron- 
chial asthma That the diffusible and nondiffusible values may vary 
independently is evidenced by the fact that at times both increased simul- 
taneously (cases 6, 9 and 11), and at times an increase in one was 
accompanied b}'- a decrease in the other That the level of diffusible 
calcium IS not entirely dependent on the total serum calcium is shown 
in cases 2, 3 and 10, in which the former factor increased coincidently 
with a diminution in the latter The same point is illustiated strikingly 
in cases 9, 10 and 11, and to a lesser degiee m other instances, in which 
the reverse condition prevailed , namely, a decrease m diffusible calcium 
coincidently with an increase in total serum calcium 

It appears, therefore, that the parath 5 ’^roid hormone, in some cases 
showing a normal calcium distribution, causes a preliminary increase in 
the ratio of diffusible to nondiffusible calcium, followed by a more 
marked and more prolonged decrease in this ratio In other instances, 
pai Ocularly those with a low nondiffusible fraction, the ratio decreases 
steadily ovei the twelve hour period Vaiiations in this ratio bear no 
constant relation to the total serum calcium 



THE SYSTOLIC BLOOD PRESSURE IN DUODENAL 
AND IN GASTRIC ULCER 

A STATISTICAL STUDY 
HOWARD R HARTMAN, MD 

AND 

GEORGE E BROWN, MD 
With the Technical Assistance or Lydia Petrich 

ROCHESTER, MINN 

This study was undei taken with the hope of detei mining whether oi 
not patients suffering fioni duodenal oi gastric ulcei have low systolic 
blood piessuies The data weie compiled from the lecords of patients 
with duodenal or gastiic ulcei examined m the Mayo Clinic by a diveisi- 
fied but well tiained group of internists Thus, multiple peisonal equa- 
tions are expressed in the leadings of blood pressure No reading was 
taken with the subject undei consideiation m mind The readings were 
impersonally lecorded, by the auscultatory method, usually with the 
patient in the sitting position, using a spiing sphygniomanometei 
These instruments are collected for vanations against a mercury 
sphygmomanometer eveiy seven days, so that it would be impossible to 
have a gross mechanical erioi m reading The readings weie lecorded 
immediately on a histoiy sheet, and from these records the charts weie 
compiled and cuives constructed This work was done by a statistician 
who had no knowledge of the pieconceived hypothesis The compilation 
and mathematics of biometiy were checked throughout by other sta- 
tisti Clans We aie therefore able to transciibe the results in charts, 
curves and explanations for a matter of recoid 

The fiist series of cases studied compiised 865 of duodenal ulcei and 
561 of gastiic ulcei In selecting the patients, the question of whethei 
blood pressure was noimal or abnoimal was not considered The series 
included cases of seveie hypertension, due to independent conditions 
associated onl)’- by coincidence 

The data weie conected for age and weight against 1,016 cases 
encountered in the loutine of woik at the clinic, m some of which the 
geneial examination gave negative results, cases of ulcer and of 
caicinoma of the stomach were excluded from this group The patients 
m this gioup, which was used as a control, were not all noimal, but 
cases of hypotension as well as of hypeitension were included and the 
weight distiibution (thin noimal and stout) seemed fairly regulai 

’■ Submitted for publication, i\Iav 28 1929 

■•From the Dnision of Medicine, the Majo Clinic 
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In making the corrections for age and weight the cases were divided into age 
groups, and each group was subdivided, according to weight, into three classes 
called, respectively, “thin,” “normal” and “stout ” In making up the classes 
according to weight, consideration was given to age and height as well as to 
weight A chart of normal weight was employed as a standard in this part of 
the work of classification In order to obtain a so-called normal group, cases 
were considered to be normal in which the data were 5 per cent above or 5 per 
cent below the normal as established on the standard chart The control cases 
were similarly grouped and classified Jn the control cases, the mean blood 
pressures were calculated for the patients in each of the three weight groups 
Then the results in the various age groups and weight classes in the cases of ulcer 
were corrected against the values established for the groups and classes m the 
control group As shown in the following problem, the mean blood pressure 
(n, o or p) was calculated m each age group and in each of the three weight 
classes The result, in each instance, was multiplied by the frequency (a, h or 
c, that IS, the number of patients in the group) in the corresponding weight class 
of the group of patients with ulcer The sum of these products was divided by 
the sum of the frequencies in the group with ulcer (d), and the quotient was an 
average (r) which represented the mean blood pressure in the control cases if 
thej had been distributed as the cases of ulcer \\ere distributed, according to 
weight Then the mean blood pressure for persons of all builds in the control 
group {s') was divided by the average (?) The quotient represented the correc- 
tion for weight {s) The figure represented by s usually fell close to 1 If, in 
the cases for which correction was being made, there was a tendency to obesity, 
s would be less than 1, for example, 0 997 If, however, the tendency was to 
emaciation, s would be greater than 1, for example, 1 004 This calculation also 

made correction for age at the same time, since each result involved all cases in a 

certain age group Throughout the study, the various age groups were made up 
of persons who fell within the same upper and lower limits according to age The 
following example shows the correction of data for age and weight 

Control 
Disease Group, 

Group, Blood 

Fre- Pressure 

quency Means 

Age Group, Thin n X »! = an 

Years 25-29 Normal b X o — bo 

Stout c X P = cp 

d m 

m dz=ir, s — j = 2 {s= mean of control cases, all builds , 2 is the “weight 
correction”) 

2 X mean of group being corrected = “corrected mean ” 

In order to make the comparison fairer, thiee additional groups were 
studied One of these comprised 1,685 cases of cholecystitis In 782 
cases in this group, cholelithiasis was present The data were corrected 
for age and weight against the control group, and were compared with 
those in the cases of ulcer Since the data in the ulcer group and in the 
group of cases of disease of the gallbladder were corrected with those of 
the same control group, it is not significant whether or not the control 
group was normal 
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The second of the thiee additional groups to undeigo analysis was 
made up of 571 cases of inoperable carcinoma of the stomach and 
239 cases of carcinomatous gastric ulceis, the data were corrected for 
age and weight The cases of inoperable carcinoma selected because of 
the patients’ low systemic resistance had all been proved by the surgeon 
to be inoperable 

The third of the three additional groups was made up of cases the 
reports of which were obtained from one life insurance company ^ We 
did not use the “normal blood pressure curve” that was used by the 
company, but derived averages, by calculation, from the frequency 
distribution of the various blood piessures m live-year age groups of 



Chart 1 — Systolic blood pressure m cases of duodenal and gastric ulcers com- 
pared with blood pressure m control cases and life insurance cases (males) 

all persons who applied for life insurance during a given period This 
gioup contained 4,209 men and 1,518 women, and included some per- 
sons who had been rejected and others with abnormal blood pressure 
The averages that were derived correspond fairly well with other 
averages obtained from life insurance tables “ and from army statistics,^ 

1 Purnishcd by 'W G Exton, director of laboratories and longevity service, 
Prudential Life Insurance Company of America 

2 Hunter, Arthur, and Rogers, 0 H Blood Pressure as Affected by Sex, 
Weiglit, Climate, Altitude, Latitude or by Abstinence from Alcoholic Beverages' 
Assn Life Insur Med Directors of America 6 92, 1919-1920 

3 Fleming, W D Blood Chemistry and Blood Pressure Standards I 
The Effect of Tropical Residence on the Blood Chemistry and the Blood Pressure 
J Metab Research 6 87, 1924 
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except that the derived averages weie a little higher in the latei years 
of life, especially in women Nevertheless, the deiived average seems 
to give a fair “average blood pressure ” Whether or not the derived 
average can he called normal is a question We were unable to correct 
this group for weight because the height and weight weie not available 
in each case m the series 

All material was divided according to sex, and arranged in five-} ear 
age gioups The mean blood pressures with their probable eirors and 



Chart 2 — Systolic blood pressure in cases of duodenal and gastric ulcers com- 
pared with blood pressure in control cases and life insurance cases (females) 


standard deviations were calculated for all of the age gioups All of the 
cuives weie smoothed, and the probable errois aie shown m chaits 1, 
2, 4, 5, 6 and 7 The plus and the minus errors are shown i espectively, 
by the shaded areas above and below the middle line which represents 
the actual mean 


4 Rugg, H O Statistical Methods Applied to Education, Boston, Houghton 
Idifflin Company, 1917, pp 97 and 184 
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Chart 3 — Systolic blood pressure in cases of gastric and doudenal ulcers (males 
and females) 



Chart 4— Systolic blood pressure in cases of duodenal and gastric ulcers com 
pared with blood pressure m cases of cholecystitis (males) 
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In chart 1, constiucted from statistics derived from male patients, 
the difference between the curve of blood pressure, as derived from the 
insurance figures, and that in cases of duodenal ulcer, varies from 0 3 to 
114 mm , in the cases of duodenal ulcer the systolic blood pressure 
falls below that of the insurance cases From the ages of 30 to 59, the 
difference between the mean blood pressure in the insuiance group and 
the corrected mean in the duodenal ulcer group, divided by its probable 
erroi , is 4 9 or more, with 1 ,052 or more chances to 1 that the difference 
is significant® The blood piessures in the cases of gastric ulcer in 



Chart S — Systolic blood pressure in cases of duodenal and gastric ulcers com- 
pared with blood pressure in cases of cholecystitis (females) 


males do not show such a marked fall as those in cases of duodenal 
ulcer, the difference between the blood pressures in this group and in 
the insurance group vanes from 1 8 to 9 mm , and shows a significant 
difference only between the ages of 45 and 59 The difference between 
the blood pressure in the control cases and in cases of duodenal ulcers 
in males varids from 0 6 to 9 3 mm and is not significant at any point 
Comparison of the cases of gastric ulcers with the control cases, in 

5 Pearl, Ra\mond Medical Biometry and Statistics, Philadelphia, W B 
Saunders Company, 1923, p 209 
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males, shows even less difference m blood pressure, it ranges from 
01 to 7 2 mm , and has no significance The blood pressures in the 
control cases have a tendency to diop at from 25 to 35 3 ^eais of age, 
this tendency is similar to that seen m the cases of gastric and duodenal 
ulcer, although cases of ulcer were excluded from the control group 
On the other hand, the blood pressure cuive of the life insurance cases 
rises steadily throughout 

In chart 2, which applies to female patients, there is not a point 
in the whole curve in which the difference in blood pressuie is significant 
between the cases of duodenal or gastric ulcers and the life insurance 
cases Unlike that in the males, the curve of the mean blood pressure 



Chart 6 — Systolic blood pressure in cases of carcinoma of the stomach and 
carcinomatous ulcers compared with blood pressure in control cases and life insur- 
ance cases (males) 

even rises above the one shown in the insurance curve at some points 
Comparing the blood pressures in females with duodenal or gastric ulcer 
with the blood pressures in the control cases results are obtained that 
are similai to those found when blood pressures in female patients 
with duodenal or gastric ulcer were compared with the insurance cases, 
except that the blood pressure in the control cases is higher in later 
)^ears and has a tendency to rise above the blood pressure in cases of 
ulcei throughout the whole curve Although m females in the control 
cases, there is not the drop in blood pressure from the ages of 25 to 
35 that IS seen in the control cases in males, the averages remain level 
up to the age of 30 
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The wide difference between the mean blood pressures of the male 
and female patients with gastric or duodenal ulcei in the later years of 
life is marked (chart 3) 

Chaits 4 and 5 show the blood pressuie m cases of ulcei 
compai ed with that m cases of cholecystitis The difference between 
the blood pressures in these two groups varies from 0 2 to 5 7 mm , 
and IS not great enough at any point to be of significance 
The probable errors eA^en OA'^erlap each other most of the way The 



Chart 7 — Systolic blood pressure m cases of carcinoma of the stomach and 
carcinomatous ulcers compared with blood pressure m control cases and life 
insurance cases (females) 

data in charts 4 and 5 furnish, perhaps, the most severe test on which to 
make the comparison to determine whether or not the systolic blood 
pressure is loAvered in cases of gastric and duodenal ulcer In cholecys- 
titis, blood pressure is expected to be higher because of the tendency to 
obesity and the plethoric body type that is usually characteristic of 
persons with disease of the gallbladder If the blood pressure m gastric 
and duodenal ulcer, on the one hand, and in cholecystitis, on the other, 
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should pio\e to be about equal, the infeience would be that the blood 
pressure in gastric and duodenal ulcer is not lower than the so-called 
average blood pressuie Although m males the blood pressures m the 
cases of ulcei tend to be lower than those in either the insurance or 
contiol cases, and although in females they tend in the cases of ulcer 
to be lower than those in the control cases, 3’^et the blood pressures in 
cases of ulcer do not vary greatly f 10111 those 111 cases of cholecystic 
disease The diflerence 111 blood pressure between the two groups 
ranges onl}^ from 0 2 to 5 7 mm Patients with cholec3^stic disease 
show a tendency toward obesity and toward apparently Ingher blood 
pressure, but this figure is lowered through the correction for weight 
On the contrary, 111 cases of ulcer the patient tended toward emaciation 



Chart 8 — Sistolic blood pressure in cases of duodenal and gastric ulcers, 
cliolec 3 "stitis, carcinoma of the stomach, carcinomatous ulcers of the stomach, 
control cases and life insurance cases (males) 

and so the figures representing then blood piessuies were raised b3 the 
correction for weight Therefore, the difierence that did exist between 
the uncollected cul^es for blood pressuie in ulcer and in cholecystitis 
was narrowed consider abh by the correction for weight 

Charts 6 and 7 present the mean blood pressure in cases of inoper- 
able caicinoma of the stomach and of carcinomatous ulcer, compared 
n itli that in the life insurance and control cases As in cases of ulcer , 
the blood pressure in males in the cases of carcinoma of the stomach 
is much lower than that in the insurance group (chart 6) , the differ- 
ence between the % alues in these two groups varies from 8 5 to 13 2 mm , 
which IS significant from the age of 40 on In carcinomatous ulcers, 
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the blood pressure is higher, falling not more than 7 4 mm below that 
m the insurance cases, and without significant difterences in the whole 
curve In comparison Avith the blood pressure m the control cases 
(from which the cases of carcinoma were excluded) there is a tendency 
to lower blood pressures in carcinoma, but this is of significance only 
in the last age group The blood pressure curve in carcinomatous ulcer 
lies almost midway between that of the contiol cases and that of the 
cases of carcinoma of the stomach, and does not have any significant 
variation from the curve of the control cases 



Chart 9 — Systolic blood pressure m cases of duodenal and gastric ulcers, 
cholecystitis, carcinoma of the stomach, carcinomatous ulcers of the stomach, 
control cases and life insurance cases (females) 

The blood pressures of the female patients with inoperable cara- 
noma of the stomach and with carcinomatous ulcers follows the life 
insurance curve closel)'’, and even rises above it from the ages of 45 to 
59 The difference between the blood pressures in the insurance group 
on the one hand, and m the carcinoma and carcinomatous ulcer group, 
on the other hand, varies from 0 2 to 9 3 mm and is not significant at 
any point The mean blood pressure in the cases of carcinoma of the 
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Stomach in females does not fall below that in the cases of carci- 
nomatous ulcer, as it did in the males The difference between blood 
pressure m cases of carcinoma of the stomach and that m the control 
cases varies from 01 to 13 6 mm , but is not significant because of the 
large probable errors The blood pressures in cases of malignant ulcers 
vary less from those m the control cases, and the variations are not 
significant 

Chart 8 IS a condensed graph drawn from the means of all of the 
blood pressure curves of the males All of the curves are below that 
derived from the insurance cases from the age of 20 on, with the 



Chart 10 — Systolic blood pressure m cases of duodenal and gastric ulcers, 
cholecystitis, carcinoma of the stomach, carcinomatous ulcers of the stomach, 
control cases and life insurance cases (males and females combined) 

curves from the cases of carcinoma of the stomach and of duodenal 
ulcer falling lowest The same tendency to low blood pressures m all 
of the groups of persons with disease shows up well on the graph, 
with a range of not more than 8 mm of difference between them Ihe 
curves also fall below those derned from the control cases, except for 
the ages from 30 to 40 

Chart 9 shows cur\'es computed from the means of all of the blood 
pressure cur\es of the females Here, as m chart 8, the same tendency 
exists among the curves of groups of patients with disease, all these 
curves adhere closely and rise above the insurance cur^e in the later 
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}ears of life, but they fall below the curves of the control cases except 
in the early years 

Wide differences between the mean blood pressure of males and of 
females were found in the control cases, and in cases of cholecystic 
disease carcinoma of the stomach and malignant ulcer, as well as in 
cases of duodenal or gastric ulcer This difference would show up 
e\en more plainly if these cun^es were placed side by side with curves 
derived from examination of applicants for life insurance, in life 
insurance work, the average blood pressure of the females is not 
higher than that of the males In other words, in groups m which 
the majoiity of the subjects are diseased, blood pressures of the sexes 
vary, whereas in groups in which the majority of the subjects are 
healthjr, this variation is not seen 

Chart 10 shows curves constructed from the combined mean blood 
pressures of males and females m each of the various groups studied 
The largest difference between any two of these curves is 16 5 mm , 
all curves from the age of 25 on fall below that constructed from the 
life insurance material, and from the age of 35 on below that of the 
control cases The low tendency prevails because of the fact that there 
were more males than females in all of the groups studied except in the 
group with disease of the gallbladder 

SUMMARY 

The blood pressure in cases of duodenal and gastric ulcer, compared 
with the curve constructed from life insurance statistics, is lower in 
malts and in the sexes combined, but it is not lower in the females alone 
Too much stress, howev’^er, cannot be placed on this comparison, because 
of the fact that the insurance cases were not corrected for weight, and 
the other groups were not corrected against a normal blood pressure, 
but against a control group The blood pressures in this control group 
also are higher than those in the ulcer group in both males and females, 
but the v'ariation is not of significance , the curves remain fairly parallel 
throughout all ages 

In comparing the blood pressure m cases of duodenal and gastnc 
ulcer with that m cases of cholecystitis and carcinoma of the stomach 
or carcinomatous ulcer, the difference is not significant in either males 
or females From this it must be concluded that in cases of ulcer the 
blood pressure is not particularly low, and is similar to that m other 
diseases of the alimentary tiact It might have been better to make the 
comparisons with other than gastro-intestinal diseases, but it would 
seem that the inclusion of a series of cases of cholecystic disease for 
comparison establishes the results as reliable, since the impression is 
almost universal that patients with cholecystitis have a tendenc}’’ toward 
higher blood pressure 
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If the data had not been corrected for weight, the results \\ould 
ha\e been somewhat different, and the comparison between the cases 
of ulcer or carcinoma with the cases of disease of the gallbladder might 
have been significant The correction for w'eight, how’-ever, must be 
gnen consideration, for age and weight pla} an important part in the 
readings of blood pressure 



INFLUENCE OF THE DIAPHRAGM ON THE ESOPH- 
AGUS AND ON THE STOMACH-^ 

MINAS JOANNIDES, MD 

CHICAGO 

In the anesthetized dog, two different types of contraction were noted 
when the cardia was examined by the insertion of the finger into the 
esophagus through a gastrostomy opening One type of contraction 
(the esophageal) was circular and constricting, it was leproduced at 
will by stimulation of the peripheral end of the vagus, and also by 
stimulation of the esophagus itself at any level above the gastro-esophag- 
eal junction The second type, which was due to the contractions of 
the diaphragmatic pillars, was a progressively downward milking con- 
traction and was coincident with each inspiration The diaphragmatic 
contraction became more pronounced when diaphragmatic breathing 
became more forcible The maximum contraction was noticed when the 
diaphragmatic crura were stimulated with the faradic current 

Clinical evidence of a relationship of the diaphiagm to the cardia 
was brought out by Chevalier Jackson ^ and Tucker ® Jackson stated 
that the “diaphiagmatic pmchcock oi hiatal nan owing is both anatomical 
and functional The peculiar arrangement of the tendinous and muscular 
structure of the diaphragm acts on this hiatal opening, pinching the 
esophagus shut m a way similar to that of the pmchcock that closes the 
rubber tube of the burrette in the laboratory There are also special 
bundles of muscle fibers extending from the crura of the diaphragm and 
surrounding the esophagus, which contribute to the tonic closuie and 
the coordinate opening in the deglutitory cycle and probably also m the 
emetic cjUe ” In an anatomic dissection of the diaphragmatic crura 
m the dog and m the human being, several important facts have been 
noticed There is a moie intimate relationship between the diaphragm 
and the gasti o-esophageal junction (cardia) than is generally shown 
in illustrations of anatomic monogiaphs and texts The structure of 
the muscle fibers in the diaphragmatic pillars beai s a gi eater resemblance 

Submitted for publication, June 3, 1929 

From the Department of Surgery, University of Illinois College of Medicine 

1 Joannides, Minas The Relation of the Hiatus Esophageus of the Dia- 
phragm to the Stomach, Arch Int Med 43 61 (Jan ) 1929 

2 Jackson, Chevalier The Diaphragmatic Pmchcock in So-Called Cardio- 
spasm, Laryngoscope 32 139, 1922, Bronchoscopy and Esophagoscopy, ed 2, 
Philadelphia, W B Saunders Company, 1922, pp 71, 73 and 333 

3 Tucker, G Diaphragmatic Pmchcock m Health and Disease, M Clin 
North America 8 931, 1924 
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to the anal sphmctei than it does to the rest of the diaphragm A thm 
layei of areolai tissue separates the pillars from the cardia This areolai 
tissue IS definite in the human being and produces a definite line of 
cleavage between the esophagus and the pillars On the other hand, in 
the dog this layei is veiy thin, so that one receives the impression that 
the fibers of the pillars are in direct apposition with the cardia Ante- 
iioily the muscle fibers of the pillars sun ound the stomach and esophagus 
in a mannei similar to the fibers of the anal sphincter As these fibeis 
extend posteriorly to the esophagus and stomach, they decussate and 
become attached to the vertebrae At the point of decussation the pillars 
form an inverted triangle which is small in the dog and from 1 to 2 cm 
wide in the human being The sides of this triangle are joined together 
by means of thin fibrous tissue It is through this fibrous tissue that air 
may find its way from the mediastinum to the retroperitoneal tissues in 
mediastinal and interstitial emphysema ^ Regarding the relation of the 
so-called caidiospasm to the diaphragm, Jackson stated that the so-called 
cardiospasm probably coveis a number of diseased conditions, some 
functional, others organic, but none of them at the cardia He gave a 
number of terms for cardiospasm in an attempt to specify more clearly 
the mechanism of the syndrome So-called cardiospasm, according to 
Jackson, may be called preventriculosis, ingluviosis, functional hiatal 
stenosis, hiatal esophagismus, phienospasm and diaphragmatic pinch- 
cock stenosis Jackson found ‘hio sphinctenc muscular arrangement at 
the caidiac orifice of the esophagus, so that spasmodic stenosis at this 
level is not possible and the term cardiospasm is, theiefore, a misnomer ” 
The obseivations of Jackson were corroborated by Mosher and 
McGiegoi “ In cases of so-called cardiospasm they found a fibrosis 
in the pillais, an absence of an anatomic sphincter of the cardiac end of 
the esophagus and a decrease of the ganglion cells of Auerbach’s plexus 

Although this study bears a definite relation to the mechanics of 
so-called cardiospasm, it deals primarily with the role played by the 
diaphragm in the normal contraction and relaxation of the cardia, in 
the mechanics of belching and in the induction of peristaltic contractions 
in the stomach 

EXPERIMENTAL WORK 

Observations were made by placing a noimal subject in an oblique 
upiight position with the light shoulder placed against the fluoroscopic 
screen, after the method desciibed by Carman ^ A barium meal was 

4 Joanmdes, M , and Tsoulos, G Experimental Production of Mediastinal 
and Interstitial Emphysema in the Dog, to be published 

5 Mosher, H P , and McGregor, GW' A Study of the Lower End of 
the Esophagus, Ann Otol Rhin & Laryng 37 12 (March) 1928 

6 Carman, R D The Roentgen Diagnosis of Diseases of the Alimentary 
Tract, cd 2, Philadelphia, W B Saunders Compan}^ 1921, p 44 
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then given When the barium was seen to reach the caidia the patient 
was asked to bieathe deeply With each inspiration the esophagus was 
constricted at the cardia to such a degree that no barium could be seen 
below the diaphragm A ballooning of the filled esophagus resulted 
above this constriction This constriction and ballooning corresponds, 
in certain respects, with the roentgen pictures of so-called cardiospasm 
It also no doubt corresponds with the teiminal phase of the downward 
milking contraction in the cardia of dogs that was observed by insertion 
of the examining finger through an opening m the stomach This con- 
traction, however, is transitory, because with the onset of the expiratory 
phase of respiration the diaphragm was noticed to rise and, coincidentally 
with this relaxation, the barium ran fieely again into the stomach This 
phenomenon could be repeated as often as desired in the same patient 
or in different patients Some variations were noticed, depending on 
the movements of the diaphragm and the tendency of the patients to 
dyspnea In persons who could hold their breath fairly long, the barium 
remained above the diaphragmatic level longer than m those who could 
not In persons who showed hypertonicity and a tendency to spasm 
there was a delay m the course of the barium at the caidia e\en during 
expiratory relaxation If the patient was asked to take a few deep 
breaths, thus inducing milking contractions at the pillars, this spasm 
could be relieved and the barium found its way into the stomach If 
the barium meal was distasteful to patients and there was fluoroscopic 
evidence of a tendency to nausea and vomiting, relief was given by 
making the patient take a few long deep breaths After a few deep 
breaths, he showed a noimal condition m the esophagus, diaphragm and 
stomach 

With the introduction of barium into the stomach in the majority 
of patients, a large air bubble finds its way into the stomach With the 
patient m the erect position the air bubble floats on the suiface of the 
gastric fluids and distends the fundus This phenomenon afforded an 
opportunity for study of the mechanism of belching as seen with the 
fluoroscope When the patient made a conscious effort to belch, the 
costal portion of the diaphragm contracted and the vertebral portion 
relaxed In the meantime, the abdominal muscles contracted and 
squeezed the stomach, at the midportion of which a constricting band 
had developed by this time, causing it to assume the shape of an hour- 
glass When the patient was ordered to belch again, one could see a 
series of peripheral diaphragmatic contractions and a lelaxation of the 
vertebral portion with the air moving away from the dome of the fundus 
and closer to the cardiac opening Jackson mentioned the pres- 
ence of a “kink of the esophagus” which normally prevents regurgitation 
when a man with a full stomach stands on his head or inverts his body 
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That such a deflection or kink is present can be demonstrated by watch- 
ing the course of the barium through the esophagus into the stomach The 
barium travels straight downward, deviating slightly at curves of the 
spine, when it reaches the cardia it suddenly deflects from its couise 
along the spine in an angle of from 30 to 50 degrees It is possible, 
therefoie, that in belching the contractions of the diaphragm push the 
fundus down and medially and thus release the kmk that is foimed at 
the junction of the caidia and the fundus 

In some cases m which lepeated attempts at induced belching failed, 
It was noticed that the whole left side of the diaphiagm would relax for 
a moment and at the same time the right side would contract coinciden- 
tally with the contractions of the abdominal wall and stomach Conti ac- 
tions and relaxations of the diaphragm, as seen normally with inspiration 
and expiiation, have no apparent relation to belching No belching 
occuiied eithei with deep inspirations or with foicible expirations 
Similaily the air in the fundus could not be squeezed out by manual pies- 
sure over the abdomen If a stomach tube was passed into the stomach, 
under such circumstances, an could be readily squeezed out This obser- 
vation has an important clinical application Undei varying conditions 
during an operation the stomach may become so distended with air that 
any external pressure over the exposed stomach will not force the air 
out On the contiary, it may cause injuiy to the wall of the tensely dis- 
tended organ A tube intioduced into the stomach from above will 
piomptly cause the air to run out fiom the stomach, at times even with- 
out compi ession over the organ Kelling found the same condition 
in dogs under deep anesthesia This phenomenon may be regarded as 
coi 1 oboi ative evidence that the constriction is due to a spasm of the dia- 
phi agmatic pillars m the i egion of the cardia, provided one assumes that 
Jackson’s or Mosher and MacGregor’s observation is correct, namely, 
that theie is a pinchcock phienosjiasm or that theie is no actual sphincter 
m the esophagus at the caidia 

After the barium reaches the stomach, one can induce piompt con- 
tractions m the organ by having the patient take deep breaths Such 
peiistaltic waves in the stomach may be central in origin and induced 
leflexly from cioss stimuli from the respiratory center to the vagus 
center It appears more reasonable to assume, however, that such an 
induction of peiistalsis in the stomach depends on the milking contrac- 
tions in the pillars with the impulses probably'^ extended along the wall 
of the stomach or perhaps is due to the intermittent increase and decrease 
of intragastnc pressure induced by'^ the contractions of the diaphragm 

7 Kelhng, G Ueber den Mechanismus der acuten ^lagendilatation, Arch 
f khn Chir 64 393, 1901 
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COMMENT 

The experimental woik on the anesthetized dog and the clinical 
results with the fluoroscopic examinations of noimal patients show con- 
vincingly that the diaphragm plays an important role in the mechanics 
of contractions and relaxations of the esophagus at the caidia 
* The classic work of Cannon ® on the activities of the esophagus must 
be mentioned He stated that two activities of the cai diac sphincter are 
to be distinguished a persistent state of tonus, and, at times superposed 
on this, rhythmic alternation of contraction and relaxation He further 
stated that “normally we are unconscious of the nauseating odor and 
the highly disagreeable taste of the gastric contents, and for this pleasant 
security the closed cardia is highly responsible As aids in establishing 
this barrier between the stomach and the gullet, the sharp angle between 
the two structures, acting like a valve, and the close grasp of muscle 
layers in the diaphragm have been mentioned ” 

The present lesults are not in accord with the assumptions of 
Alvarez ® After mentioning the work of Gubaroff, Kelling, Smnhuber 
and Caballero, who felt that a large part of the sphinctenc action at the 
cardia must be due to the contraction of the diaphragmatic fibers sur- 
rounding the lower end of the esophagus, he stated that “this now seems 
improbable because it can be seen with the roentgen ray that the sphincter 
is generally situated some two centimeters below that point ” Alvarez 
did not state how he determined the presence of such a sphincter below 
the diaphragm The dissection of cadavers and dogs in the present 
experiments showed that the pillars are diiectly over the junction of the 
stomach and esophagus The fluoroscopic observations corresponded 
with the bronchoscopic obseivations of Jackson and Tucker Knowing 
from digital examinations of the esophageal orifice that there is a milking 
contraction, and seeing the extent of such a contraction under the fluoro- 
scope, I feel justified in assuming that Jackson’s pinchcock contraction 
of the diaphiagm is probably only one phase of a complex contraction 

The role of the diaphragm in voluntaiy belching is of great interest 
The peculiar contractions of the costal fibers of the diaphiagm tend to 
straighten the kink just below the cardia and allow the an to be squeezed 
out These peripheral contractions probably also induce a pull on the 
vertebral portion of the diaphragm and thus cause a dilatation of the 
pillars Coincident with these contractions, the abdominal muscles and 
the stomach induce belching It is interesting to note that when a barium 
meal is taken (1 part baiium sulphate and 3 parts malted milk plus 

8 Cannon, W B The Mechanical Factors of Digestion, New York, Long- 
mans, Green & Company, 1911, p 33 

9 Alvarez, W C The Mechanics of the Digestive Tract, ed 2, New York, 
Paul B Hoeber, 1927, p 91 
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water), ln^allabIy a laige air bubble enteis the stomach and piomptly 
lodges itself in the fundus immediately under the diaphragm Tins air 
undoubtedly slays lodged either m the esophagus or in the buccal cavity 
and IS pushed down into the stomach by the weight of the fluid 
Repeated examinations befoie a barium meal failed to show the pres- 
ence of an in the empty stomach Theiefoie, this air must necessarily 
come fiom above the stomach It is undoubtedly this same phe- 
nomenon that one encounleis in the feeding of infants A gas bubble 
enters the stomach of an infant and may distend the stomach causing 
colic or prevent the child fiom taking the necessaiy amount of milk at 
each feeding A roentgenologic study of infants during feeding and 
immediately afteiward may solve the pioblem of finding a means to 
expel swallowed an by more reliable methods than those in piesent 
usage 

SUMMARY 

1 Two types of contraction can be observed by a digital examina- 
tion of the cardia, namely, a circular constricting contraction and a 
downward milking contraction 

2 Fluoroscopic examination of the course of barium m the stomach 
reveals an obstruction in the region of the cardia coincident with each 
inspiiation, and a relaxation with release of the obstruction with each 
expiiation 

3 The obstruction noticed fluoroscopically may correspond to a 
single phase of the downward contraction and is, no doubt, mdentical 
with the pinchcock contraction described by Jackson 

4 Belching is accomplished by the coordinate contraction of the 
abdomen, the stomach and the costal end of the diaphragm, wuth the 
relaxation of the vertebral end 

5 Spasm of the diaphragmatic pillars with obstruction and dilatation 
of the esophagus may be relieved by deep inspirations and expirations 

6 Acute sudden gaseous distention of the stomach in patients during 
operations under ethylene, nitrous oxide oi ether anesthesia may be 
easily relieved by intubation of the stomach 

7 Gastric peristalsis was noticed to start as a result of deep breathing 

8 So-called cardiospasm may be an exaggeration of the normal 
contractions of the diaphragmatic pillars A persistent spasm of these 
bundles ivill, no doubt, cause a chronic obstruction at the cardia 
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X THE EXCRETION OF MORPHINE BY HUMAN ADDICTS 


EDITH G FRY, AB 
ARTHUR B LIGHT, MD 
EDWARD G TORRANCE, MD 

AND 

WILLIAM A WOLFF, AM 

PHILADELPHIA 

The relation between the capacity of the animal body to destroy 
moiphme and its power of developing tolerance to the drug following 
repeated dosage has been of interest to pharmacologists for many years 
Recent study with the aid of improved chemical methods indicates that 
Faust’s ^ conclusion, that a direct, casual relationship between the two 
phenomena exists, is incorrect It seemed important to collect from 
human mateiial such data as might beai on this subject The study 
here reported concerns the excretion of moiphine by human addicts, 
the diffeience between the amounts of morphine administered and 
those excieted is to be regarded as a measure of morphine destioyed 

While It IS well known from the eaily observations of Kauzmann,® 
Vogt,® and Jacques ^ that morphine is eliminated in the urine and feces 
of human addicts, its quantitative excretion in these channels has, to 
our knowledge, not been studied In the subjects whom we have 
studied It has been possible to control reliably the morphine dosage, 
to vaiy this at will and to collect the excreta quantitatively In addi- 
tion to obseivations on the (healthy) subjects of uncomplicated addic- 

=*■ Submitted for publication, Sept 13, 1929 

* From the Narcotic Wards of the Philadelphia General Hospital and the 
Laboratory of Pharmacology, University of Pennsylvania 

Expenses of this research were defrayed by the Committee on Drug 
Addictions, New York City, and this work carried out under the guidance of 
the Philadelphia Committee for the Clinical Study of Opium Addiction, in the 
wards of the Philadelphia General Hospital, which were placed at our disposal 
through the courtesy of the Director of Public Health, City of Philadelphia, 
and also the Laboratory of Pharmacology of the University of Pennsylvania 

1 Faust, E S Ueber die Ursachen der Gewohnung an Morphin, Arch 
f exper Path u Pharmakol 44 217, 1900 

2 Kauzmann Beitrage fur den genchthch chemischen Nachweis des Mor- 
phins und Narkotins in thierschen Flussigheiten und gemehen, Inaug Dissert , 
Dorpat, 1868 Cited by Faust (footnote 1, p 223) 

3 Vogt Arch d Pharm 7 23 (July) 1875 

4 Jacques These Bruxelles, 1880, Essai sur localization des alcoloides 
dans le foie, cited by Faust (footnote 1, p 224) 
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tion, we had the opportunity of meastumg the elimination of moiphme, 
on constant dosage, during the periods of fever, crisis and convales- 
cence in one addict who was acutely ill with pneumonia 

METHODS AND PROCEDURE 

As soon as possible after admission the predetermined morphine regimen was 
established The daily dosages of morphine chosen were IS, 30 and 60 grains 
(0 97, 194 and 3 89 Cm), and a period of four days was ample to establish 
anv one of these levels, regardless of the amounts which had been taken before 
admission or the form of the drug used Experimental periods usually lasted 
for five days, although one case was studied for only three davs and another 
for four days No attempt was made to control the diet, nor were anj other 
drugs administered except an occasional saline cathartic to obtain a bowel 
mo\emcnt 

Morphine in urine was determined by extraction with chloroform-alcohol 
solvent, purification through further extractions and final precipitation with 
sihcotungstic acid ° When the quantity of morphine m the final extract w'as 
less than 10 mg , it was estimated colonmetncally by the dia/o-reaction ® 

The suitability of this procedure for human material was shown by a senes 
of control experiments From 100, 200, 250 and 280 cc volumes of normal 
urine, analyzed gravimetncally, recoveries of added morphine were from 92 
to 97 7 per cent The morphine sihcotungstate yielded, after ignition, from 70 
to 70 3 per cent of oxide residues, an indication of the almost complete purity 
of the morphine precipitate Similar controls containing no morphine showed 
negligible turbidity with sihcotungstic acid Colorimetric control experiments 
gave from 98 to 100 per cent recoveries of added morphine, with satisfactory 
blanks These results were obtained only after meticulous attention to detail, 
as described by one of us (W A W )’ in a study of the elimination of mor- 
phine in dogs The numerous possibilities of error in morphine analysis made 
It necessary to check and recheck every step in the procedure at frequent 
intervals 

Man> of the specimens of urine were analyzed both colonmetncally and 
giavimetncally Typical results shown m table 1 indicate the consistency of 
the tw'O methods 

Feces, after preliminary acidification and evaporation over the steam bath, 
were analyzed as previously described ® Results on control determinations were 
variable and unsatisfactory Hence, the figures presented for fecal excretion 
are hardly more than qualitative indications that a relatively small amount of 
morphine appears m the feces 


RESULTS AND COMMENT 

Table 2 contains the results of the quantitative excietion of mor- 
phine in the mine and feces of a senes of addicts leceivmg 15, 30 or 

5 Balls, A. K , and Wolff, W A The Determination of Morphine, J 
Biol Chem 80 379 (Dec) 1928 

6 Lautenschlager, L Arch d Pharm 257 13, 1919 Plant, O H, and 
Pierce, T H Excretion of Alorphine During Gradually Produced and Pro- 
longed Tolerance to Morphine in Dogs, J Pharmacol & Exper Theran 31 
(June) 1927 

7 Wolff, W A The Elimination of Morphine in Dogs, to be published. 



864 


ARCHIVES OF INTERNAL MEDICINE 


60 grains per twenty-four hours Sixteen studies were made on ten 
different patients One patient (case 3-29) was studied on all three 
levels he eliminated 7 9, 8 2 and 10 3 per cent, respectively, in the 
urine Cases 10-29 and 2-29 were each studied on two different levels 
The patient in case 10-29 eliminated 8 6 per cent in the urine while 
receiving 30 giains, and 7 7 per cent on a 60 gram level Likewise 
in case 2-29 there was little variation in the percentage of morphine 
eliminated While receiving 15 grains he excreted 10 1 per cent, and 
while receiving 60 grains, 12 2 per cent 

Case 6-29 was studied on the same level of 30 grains at two dif- 
ferent inten^als, with the elimination of 8 8 and 9 5 per cent of the 
morphine administered 

Five patients who were maintained on 15 grains (0 97 Gm ) daily 
varied from 6 5 to 10 1 per cent of excretion Urinary excretion of 
morphine for seven patients on a constant dosage of 30 grains ranged 


Table 1 — Compaiatwe Results of Colomnelnc and Giavimetuc Methods in 

Analysts of Uitne for Moiphme 



Colonmetric 

Gravimetnc 


Method, 

Method, 

Case 

Mg per 100 Cc 

Mg per 100 Cc 

5-23 

47 

41 

12-29 

32 7 

320 

4-29 

61 

. 78 

10-29 

82 

93 

10-29 

15 0 

15 3 

3-29 

92 

84 

S-29 

22 0 

188 


from 8 2 to 12 9 per cent Morphine recovered from the urine of 
four patients receiving 60 grains per day varied from 7 7 to 12 2 pei 
cent It may be noted that the percentage of morphine eliminated in 
the feces analyzed never exceeded one-fourth the urinaiy percentage 
Absolute values were too unceitain and variable to justify general 
conclusions 

The results obtained in the foregoing experiments on healthy 
addicts show that regardless of the amounts taken, the fraction elim- 
inated in the urine is remarkably constant Averages of the peicent- 
age of urinary excretion on the 60, 30 and 15 gram dosages amounted 
to 10 7, 9 8 and 8 7 per cent, respectively The fraction eliminated 
bears no relation to height, weight, volume of urine or length of addic- 
tion, but is directly proportional to the quantity administered These 
results show clearly that in human addicts the amount of morphine 
destroyed is proportional to the amount absorbed Despite the exis- 
tence of mechanisms for the disposal of morphine, there must still 
be present in the addict an increased tissue tolerance, since the patients 
receiving 60 grains a day were eliminating in the unne appi oximately 
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6 grains (0 388 Gm ), and those on 30 grains approximately 3 grains 
(0 194 Gm ) 

The lethal dose of morphine foi man is not definitely stated in 
textbooks of pharmacology Kunkel ® quoted the minimal lethal dose 
as 1 % grains (0 097 Gm ), but added that under favorable circum- 
stances a pel son might lecover from IS grains He regarded, how- 
ever, the prognosis from a dosage of over 4 giains (0 259 Gm ) as 
decidedly unfavorable Sollmann ® stated that the lethal dose ranges 

Table 2 — Data Obtained fiom Patient'! Dining Pciiods of Addiction 


Average Daily Average Daily Excretion 

Dally Adminis- , ^ 



Period 

Average 

Urine 

tration of 


Urine 




of 

Weight 

for 

Morphine 

1 

* 

~*~~X 

Pcces, 


Age, Study,, 




Period, 

1 




Per 

per 

Case 

Years Days 

Pounds 

Kg 

Cc 

Gm 

Mg 

Grains 

Mg 

Cent 

Cent 

129 

35 5 

189 

87 0 

1,700 

15 

972 

1 50 

97 

10 0 

22 

2-29 

32 3 

133 

613 

1,466 

15 

972 

1 51 

98 

101 

30 

329 

36 5 

136 

626 

8^ 

15 

972 

116 

76 

79 


4 29 

39 5 

113 

52 0 

1,217 

15 

972 

1 17 

77 

79 


6-29 

46 5 

133 

613 

1,424 

16 

972 

097 

63 

65 


G-29 

35 5 

122 

662 

2,332 

30 

1,944 

324 

168 

88 


7-29 

39 6 

166 

718 

1,652 

30 

1,944 

4 04 

210 

10 6 

36 

8-29 

40 6 

120 

653 

869 

30 

1,944 

388 

252 

12 9 

17 

329 

36 5 

138 

635 

1,602 

30 

1,944 

2 46 

100 

82 

10 

19-29 

30 4 

154 

70 9 

1,896 

30 

1,944 

2 57 

167 

86 

33 

5-29 

35 5 

126 

680 

1,808 

SO 

1,944 

2 83 

184 

96 


9-29 

34 5 

150 

691 

2,841 

30 

1,944 

314 

204 

10 5 


10-29 

30 5 

156 

718 

1,976 

60 

3,888 

4 62 

300 

77 

09 

2-29 

32 5 

137 

631 

1,707 

60 

3,888 

729 

473 

12 2 

06 

329 

36 5 

140 

645 

1,957 

60 

3,883 

615 

399 

10 3 

03 

12-29 

30 6 

183 

613 

1,357 

60 

3,888 

671 

435 

112 



Table 3 — Moiphine Recoveicd in Uiine Following Abiupt Withdrawal 

of the Ding 



02 

2-4 

4 0 

6-S 

8-10 

10-12 

12-16 

16-20 

20 24 

24-30 


Hours, 

Hours, 

Hours, 

Hours, 

Hours, 

Hours, 

Hours, 

Hours, 

Hours, 

HourS; 

Case 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

9-29* 

401 

116 

96 

85 

60 

49 

66 

50 

40 

112 

6-29» 

26 7 

112 

90 

56 

55 

35 

67 

S3 

42 

68 


* Received 30 grains (1 944 Gm ) of morphine sulphate daily, 5 grams (0 324 Gm ) at four 
hour fntenmls The last injection was given at 9 a m The six hour period immediately 
following readmmistration of 5 grams (0 324 Gm ) of morphine sulphate resulted m a recovery 
of 49 6 mg in case 9 29, and in a recovery of 52 1 mg in case 5-29 


between 3 and 6 grains, but mentioned one case of recovery from 60 
giains He also regaided the prognosis unfavorable when the dosage 
was more than 4 giains 

Table 3 and chait 1 contain the results of the analysis of mine 
collected at two hour mteivals for the fiist twelve hours, four hour 
intervals for the second twelve hours and a final six hour period, 

8 Kunkel, A J Handbuch de Toxikologie, part 2, Jena, Gustav Fischer, 
1901, p 803 

9 Sollmann, Torald A ^'lanual of Pharmacology, ed 3, Philadelphia, 
W B Saunders Companj, 1926, p 300 
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during thirty hours of abrupt withdrawal In each case the last hypo- 
dermic injection of morphine sulphate given was 5 grams (0 324 Gm ). 

The rate of elimination of morphine in the urine following the 
abrupt withdrawal m the two cases represented in both table 3 and 
chart 1 showed a rapid fall during the first foui hours, after which a 
more constant level was maintained 

The rapid decrease m excretion during the first four hours was 
also noted in short peiiod experiments for six hours following a dose 
of 5 grains of morphine sulphate The morphine eliminated during 
the first two hours was three times that eliminated during the fifth 
and sixth hours During withdrawal, the patient in case 9-29 elim- 
inated 0 051 Gm , or slightly less than a grain, in the first four hours, 
0 15 Gm for the four to eight hour interval, or slightly more than 



Chart 1 — Cune of morphine excretion in the urine (cases 9-29 and 6-29) 
at tno hour intervals following abrupt withdrawal of the drug for thirty hours 
The total amount of morphine given twenty-four hours prior to withdrawal was 
30 grams (1 944 Gm ) The last single dose was 5 grains (0 324 Gm ) 

one-fourth gram, and then an hourly average of about a thirtieth of a 
gram during the lest of the experiment During withdrawal, the 
patient in case 6-29 eliminated about 0 040 Gm the first four hours 
or a little less than two thirds of a gram, one-fourth gram for the 
next four hours, and an hourly average of a fortieth of a gram for 
the rest of the experiment Both addicts had been receiving 5 grains 
every four hours and, each time the administration was due, showed 
the usual eagerness for the drug When the interval was lengthened 
to eight hours, restlessness manifested itself and a dosage of one-fourth 
grain given at this time had little effect These curves, we think, show 
clearly a relationship between the rapidity of excretion of morphine and 
the desire for the next dose As the total amount of drug in the body 
falls to a certain lei el, indicated b)’- the change of rate of excretion about 
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the fifth hour, the patient shows an eagerness for the drug If no drug 
js gncn at this time and that present m the bod} is further depleted, 
svmptoms of withdrawal soon become evident 

Chart 2 contains the record of the temperature of the patient with 
pneumonia (case 11-29), as well as of the elimination of morphine dur- 
ing the %arious arbitrar} periods and the total nitrogen during these 
same periods Throughout the entire course of the disease and con- 
\ alescence, he recen ed 15 grains e\ cry tw’ent} -four hour period It w ill 
be noted that during the first three day s of fever the patient eliminated 
in the urine 13 3 per cent of the total morphine gi\en Following the 
first three da}S of the fever the patient became desperately ill, and con- 



Chart 2 — Cur%e shoving the bodilj temperature and the excretion of mor- 
phine and total nitrogen in the urine per tventy-four hour period during the 
illness and con\ alescence of a human addict suffering with pneumonia Fifteen 
grains of morphine v as administered daily throughout the disease and con- 
valescence 

tinued so for four da}S, during this time the elimination of morphine 
in the mine was 18 2 per cent of the amount administered The crisis 
now ensued and during the following fort} -eight hours only 15 7 per 
cent of the morphine appeared in the urine A w’eek later, during what 
we term the convalescent period, 13 per cent of the morphine given was 
recovered, and two weeks after the crisis the amount eliminated was 
still the same 

It IS during the period just preceding the crisis in pneumonia that 
the various organs began to show cloudy swelling and degenerative 
processes, the urine m this case, however, remained remarkablv free 
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from albumin During this period the total excretion of nitrogen as 
well as the elimination of morphine rose This relationship is striking 
Increased elimination of nitrogen indicates a break-down of the tissues, 
while inci eased elimination of moiphine probably indicates a decreased 
capacity for retaining or destroying the drug Hence, as those tissues 
which noimally retain or destioy morphine begin to degenerate, the kid- 
neys eliminate the excess drug 

The prompt recovery of the addict while receiving the 15 grains 
daily throughout the period of illness and convalescence supports the 
belief in the harmlessness of the drug on organic functions when the 
body IS accustomed to it This statement may be challenged in this 
particular case and the question may be raised whether the patient might 
not have been less ill had he not been given the drug However, realiz- 
ing that withholding the drug fiom an addict always results in the 
appearance of symptoms of withdrawal and not wishing to add to the 
patient’s suffering, we felt justified m continuing the drug to avoid 
the discomfort of withdrawal 

The general condition of the healthy addicts under these various 
dosages is of inteiest It was not a difficult procedure to increase the 
dosage from 10 (0 648 Gm ) to 60 grains daily within two or three days 
Practically all our patients showed a gam in weight in the hospital while 
receiving these various amounts No symptoms of intoxication appeared 
during the administration of the large quantities One patient showed 
a tendency to slight drowsiness when left absolutely alone, but any inter- 
esting event or conversation resulted in his immediate attention and 
participation Sudden reduction from 60 to 30 grams resulted in a 
marked change of disposition , this was more marked in abrupt reduc- 
tion from 30 to 15 grains, and was even worse in reduction from 15 to 
734 grains (0 486 Gm ) All patients subjected to this drastic reduction 
manifested marked changes in disposition No symptoms of withdiawal 
were evident, except slight relief from constipation The patients com- 
plained bitterly during this abrupt reduction, but we are convinced that 
this would have been avoided had not a certain familiarity developed 
between the patients and the observers during the progress of the 
experiment 

CONCLUSIONS 

Quantitative estimation of the elimination of morphine m the urine 
of human addicts showed a remarkable constancy in ratio to the amounts 
administered The daily administration of 15, 30 and 60 grains resulted 
in an average elimination of 8 7, 9 8 and 10 7 per cent, respectively The 
length of addiction, quantities taken just prior to admission, age, weight 
and volume of urine did not influence this rate 



FRY ET AL— EXCRETION OF MORPHINE 


869 


Fecal excretion of moiphine fell far below the uiinaiy le\el, but 
was too vaiiable to justify geneial conclusions 

Abrupt withdrawal of morphine resulted in a rapid fall in urinary 
excretion during the first four hours, followed by a much lowei and 
constant level for the next twenty-six hours 

The elimination of moiphine in an addict suffeiing with lobar pneu- 
monia, to whom 15 grains was administered 'daily throughout the illness 
and convalescence, showed the same level of excretion during the early 
part of the disease, following the crisis and during the convalescent 
period, but a use in the period just before the crisis when he was crit- 
ically ill No unusual signs or symptoms appealed during the illness 
that could be attiibuted to the morphine 
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XI GENERAL SUMMARY ^ 

ARTHUR B LIGHT, MD 

* PHILADCLPHIA 

1 he narcotic problem is recognized today as one of the most impor- 
tant medical and sociologic problems confronting the medical profession 
Although isolated studies on the pioblem have been made from time to 
time, no comprehensive investigation of its aspects, biologic, medical, 
social, economic and legal, has been consistently pursued until recent 
years The Committee on Drug Addiction in affiliation with the Bureau 
of Social Hygiene, Inc , of New York has been engaged since 1921 in 
the study of this important problem An extensive compilation of facts 
known and of views held with respect to opium addiction was made by 
Terry and Pellens ^ and published by the committee in book form These 
inquiries demonstrated an urgent need for further investigation of the 
various phases of the problem by careful scientific methods, and accord- 
ingly the committee subsidized a number of field studies, experimenta- 
tion in several university laboratories and a clinical study of the addict 
in the wards of the Philadelphia Geneial Hospital 

The lesults of this clinical study have been published m a series of 
papeis of which this is a biief summary 

The study was designed to determine whether objective investiga- 
tions would reveal any changes that can be measuied by physical, chem- 
ical or physiologic methods in the addict who is taking daily doses of 
from 54 to 60 grams (0 032 to 3 94 Gm ) of heroin 01 morphine that 
would differentiate him from a normal person, would serve to identify 
the state of opium addiction or would provide indications to guide m his 
1 ehabihtation 

It aimed furthermore to study by similar methods the addict during 
the period immediately after withdrawal of the diug at the time when 
he IS suffering from “withdrawal symptoms ” This characteristic train 

Submitted for publication. Sept 15, 1929 

From the Narcotic Wards of the Philadelphia Genera! Hospital 

Expenses of this research were defrayed by the Committee on Drug Addic- 
tions, New York City, and this work was carried out under the guidance of the 
Philadelphia Committee for the Clinical Study of Opium Addiction, in the wards 
of the Philadelphia General Hospital, which were placed at my disposal through 
the courtesy of the Director of Public Health, City of Philadelphia 

1 Terry, Charles E , and Pellens, Mildred The Opium Problem, Camden, 
N J , Haddon Craftsmen, 1925 
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of symptoms consists, m about the following order, of yawning, lacn- 
mation, sneezing, restlessness, sweating, hot flashes and chills, vomiting, 
diarrhea, cramps in the extremities and abdomen, muscular tremors, 
marked irritability, complaints of extreme weakness, loss of weight, 
maiked pilomotor activity, rarely diplopia and occasionally death These 
symptoms reach then height at the end of about seventy-two hours fol- 
lowing the withdrawal of the drug, and with the exception of occa- 
sional complaints of weakness, gradually subside m from five days to 
two weeks Readministration of morphine in the amounts usually taken 
or in smaller amounts will within from five to thirty minutes bring about 
complete relief from all these symptoms The addict professes to feel 
normal again with regained strength 

After successful withdrawal when the drug has been withheld for 
from ten days to two weeks the addict is taking food noimally, has 
regained his weight and presents the picture of well being If he should 
now revert to the diug, he will never start with more than 34 or 
gram (0 008 or 0 016 Gm ) of heroin or morphine, larger amounts than 
this causing toxic symptoms and even death The addict is again for 
the time being similar to normal persons m respect to tolerance A 
group of addicts at this period was studied by the same methods to 
detect any difference in them when their tolerance had disappeared 

Finally a study was made m collaboration with the Department of 
Phaimacology of the University of Pennsylvania on the excretion of 
morphine m the addict 

Our general method of approach in these studies has been as fol- 
lows A suitable addict having been selected on admission, his dosage 
of morphine was for a time continued hypodermatically in sufficient 
quantities to prevent the appearance of withdrawal symptoms During 
this period of several days he was measuied, weighed, his vital capacity 
was determined and he was allowed to remain about the ward A 
standard series of studies was then carried out and designated as “during 
the addiction period ” The drug was then abruptly withdrawn for 
forty-eight hours, the patient being carefully watched and observed 
during this period At the end of this time, the same series of studies 
was again made He was now given sufficient morphine to bring about 
complete relief Again the same studies were carried out Within a 
day or two the hyoscme method of treatment was employed, and at the 
end of about ten days when the patient was ready for discharge from 
the hospital and said that he was feeling well, the series of studies was 
again carried out 

Our investigations were readily made during addiction and following 
treatment but met with many failures during withdrawal, as the patients 
often refused to cooperate In the first paper of the series, we have 
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described the type of addict with which we have dealt and have pointed 
out some of the precautions which must be observed to avoid being 
deceived by the addict’s tricks to obtain drug and by his tendency to 
simulate a state of either suffeiing or of well being as may best serve 
his purposes 

RESULTS OF STUDIES 

The results may be summarized as follows 

In a senes of opium addicts who were given morphine m sufficient 
quantities to pi event withdrawal symptoms, a study of the pulse rate 
and blood pressure while the subjects were standing and again while 
they were reclining, of the respiration, electrocardiograms and the 
response to staircase climbing tests, resulted in the finding of no marked 
deviation in the behavior of the circulation and respiration from that 
of normal persons 

In 70 per cent of the cases the average pulse rate while the subject 
was reclining was slightly below the usual average figures given for 
normal persons 

O: thodiagramatic measurements showed a tendency to a smaller size 
for the heart than the average for normal persons ® 

A senes of addicts receiving morphine sulphate hypodermatically 
has been studied with respect to the following hemoglobin, red blood 
cell count, white blood cell count, dififeiential count, sedimentation rate, 
blood viscosity, cell volume, Wassermann reaction, specific gravity of 
the blood and plasma, plasma refractive index, dry matter of the blood 
and plasma, plasma pn, carbon dioxide capacity of the plasma, serum 
conductivit) , sugar, urea, creatinine, uric acid, cholesterol, chloiide and 
lactic acid of the blood and calcium, magnesium and phosphate of the 
serum 

In a general way there was a tendency foi low red count, and high 
leukocyte count, but not uniformly in all cases The cholesterol was 
usually increased and the phosphate diminished The lactic acid was 
uniformly high No othei constituents showed any suggestive departure 
fiom the normal 

A slight degree of anemia may be present when the addict is foiced 
to live in poor hygienic surroundings when all his funds are required 
to purchase the drug at the expense of sufficient nourishing foods ^ 

2 Light, Arthur B , and Torrance, Edward G Opium Addiction III The 
Circulation and Respiration of Human Addicts During the Administration of 
Morphine, Arch Int Med 43 SS6 (April) 1929 

3 Karr, Walter G , Light, Arthur B , and Torrance, Edward G Opium 
Addiction IV The Blood of the Human Addict During the Administration of 
Morphine, Arch Int Med 43 684 (May) 1929 
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Studies of the stomach, kidiie}'-, liver, basal metabolism, thymus, tem- 
peiature, dextiose i espouse to epmephiine and to morphine revealed no 
fundamental diffeiences in addicts who were admmisteied morphine to 
supply then needs, except a slight delay in the average i espouse of 
gastiic secretion to a test meal, the presence of albumin in the mine in 
17 per cent of the cases and wide fluctuations of the individual deter- 
minations of basal metabolism but an average metabolism within the 
normal limits A delay in the return to normal of the blood sugar fol- 
lowing the ingestion of dexti ose by mouth was also noted ^ 

We have been unable to detect any marked physical detei loration or 
impaiiment of physical fitness aside from the addiction per se in the 
senes of cases of opium addiction studied during the administration of 
moiphine 

The existence of consideiable emaciation in ceitain cases we believe 
to be caused by the unhygienic and impoverished life of the addict rathei 
than by the direct effects of the drug^ 

Abrupt withdrawal of morphine for twenty-four hours in four 
addicts resulted in the appearance of mild withdiawal symptoms These 
symptoms weie accompanied with slight negligible changes in the pulse 
late, leukocyte count and basal metabolism rate Changes in behavior 
and irritability would indicate that mental suffering begins before phys- 
ical suffering 

Abrupt withdrawal of moiphine for foity-eight houis from a series 
of ten addicts resulted in the appearance of rather seveie withdrawal 
symptoms One addict showed diplopia These changes were accom- 
panied by a definite leukocytosis in eight of the ten cases, concentration 
of the blood in all cases and a slight rise in cholesterol of the blood in 
seven Albuminuria was found in two cases The pn oi the blood, 
uiea nitrogen and sugar showed no changes Considerable loss of 
weight was found during the foity-eight hour withdrawal period 

Following the readministration of the drug and relief from sub- 
jective symptoms, the increased leukocyte count and concentration of 
the blood still lemained, as did the diplopia and muscular twitchmgs of 
the face, for several houis A rise in the percentage saturation of the 
oxygen of venous blood was noted m all cases following the leadminis- 
tration of the morphine The circulatory changes noted weie a slight 
increase m the pulse late and a slight fall in systolic pressure Staircase 

4 Light, Arthur B , and Torrance, Edward G Opium Addiction V Mis- 
cellaneous Observations on Human Addicts During the Administration of Mor- 
phine, Arch Int Med 43 878 (June) 1929 

5 Light, Arthur B, and Torrance, Edward G Opium Addiction II 
Physical Characteristics and Physical Fitness of Addicts During the Administra- 
tion of Morphine, Arch Int Med 43 326 (March) 1929 
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climbing and Schneider’s test showed a decrease m the efficiency of the 
circulation following the readmimstration of the drug when compared to 
the lesults obtained at the end of the foity-eight houi withdiawal 
period ® 

Abrupt withdrawal of morphine in a series of human opium addicts 
resulted in a negative water balance, and m two of these subjects in 
inci eased elimination of uric acid The negative water balance is most 
likely due to failure to take sufficient food and water although iiici eased 
loss of water from increased metabolism cannot be entirely excluded, 
particularly in view of the restlessness of these subjects duiing with- 
drawal 

While taking their first year final examinations, three medical stu- 
dents used as control subjects failed to show a negative water balance, 
any increase in frequency of urination oi increased twenty-four houi 
output, and letained their weights, on the days of the final examinations 

Studies of a senes of opium addicts before and after tieatment with 
scopolamine resulted in the following positive changes loss of weight, 
slight rise in tempeiature, appearance of albuminuria, slight leukoc} tosis, 
slight concentration of the blood, a rise in the pn of the blood, a rise in 
the lactic acid of the blood, a fall in the caibon dioxide capacity and a fall 
in the total numbei of points scored with Schneidei’s test of physical 
fitness 

No significant changes were found in a compaiison of the pulse, 
respiiation rates and blood piessure while the addict was reclining, heart 
measurements, electrocaidiogiaphic studies, staircase climbing tests, 
effect of atropine sulphate on the P-R interval, vital capacities, blood 
urea nitrogen, blood sugar, blood uric acid blood cholesterol, whole 
blood chloride, serum calcium and phosphate, blood viscosity, sedimenta- 
tion tests, basal metabolism, phenolsulphonphthalein tests, phenoltetia- 
chlorphthalein test of liver function, icterus index, van den Bergh’s tests 
and blood sugar response to epinephrine 

The few positive observations do not coincide with the general 
appearance and behavioi of the addict He may present some or all 
of the foregoing positive observations and yet appear and behave as 
though he were normal On the other hand, he may give the appear- 

6 Light, Arthur B , and Torrance, Edward G Opium Addiction VI 
The Effects of Abrupt Withdrawal Followed by Readmimstration of Morphine in 
Human Addicts, with Special Reference to the Composition of the Blood, the 
Circulation and the Metabolism, Arch Int Med 44 1 (July) 1929 

7 Light, Arthur B , and Torrance, Edward G Opium Addiction IX 
Water Balance Studies During the Administration and Withdrawal of Morphine 
Arch Int Med 44 693 (Nov) 1929 
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ance of one who is quite ill and yet not show any of the foregoing posi- 
tive observations ® 

The effect of intiamusculai and intravenous adininisti ation of large 
doses of moiphine was tested on five addicts, one of whom was at times 
accustomed to the intiavenous admimstiation of the drug, while the 
othei four, accustomed to the hypodermatic method, volunteeied as 
subjects for this study 

The intramusculai injection of morphine sulphate m dosages of 
thiee, four and six times the usual amounts given, and the intiavenous 
injection of dosages six, seven and nine times the amounts usually given 
to the human opium addicts who acted as subjects lesulted in insignifi- 
cant changes m the pulse and respiration lates, electrocardiogram, chem- 
ical studies of the blood and the behavioi of the addict 

The intiavenous administration of 20 and 11 giains (13 and 0 715 
Gm ) to two addicts following a foity-eight hour withdrawal peiiod in 
fifty-six minutes and one hour and sixteen minutes, respectively, also 
failed to pioduce any significant physiologic changes or changes m 
behavior 

Analyses of the blood for moiphine showed the piesence of less 
than 1 mg pei twenty-five cubic centimeters of blood, indicating its rapid 
lemoval following the completion of the injection ° 

In a senes of addicts it has been possible to contiol reliably the 
morphine dosage, to vary this at will and to collect the excreta quanti- 
tatively 

Quantitative estimation of the elimination of moiphine m the mine 
of human addicts showed a lemarkable constancy m latio to the amounts 
administeied Daily admimstiation of 15 (0 972 Gm ), 30 (1944- 
Gm ) and 60 grains (3 888 Gm ) lesulted in an aveiage peicentage 
elimination of 8 7, 9 8 and 10 7, respectively The length of addiction, 
quantities taken just piior to admission, age, weight and urine volume 
did not influence this late 

Fecal excietion of moiphine fell far below the uiinary level, but was 
too vaiiable to justify general conclusions 

Abiupt withdiawal of morphine resulted in a lapid fall in urinary 
excietion dm mg the first four hours followed by a much lower and 
constant level for the next twenty-six hours 

The elimination of moiphine in an addict suffeimg with lobar pneu- 
monia, to whom a daily administration of 15 grains (0 972 Gm ) was 

8 Light, Arthur B , and Torrance, Edward G Opium Addiction VII 
A Comprehensive Study of the Effects of the Scopolamine Treatment for Mor- 
phine Addiction, Arch Int Med 44 194 (Aug ) 1929 

9 Light, Arthur B , and Torrance, Edward G Opium Addiction VIII 
The Effects of Intramuscular and Intravenous Administration of Large Doses 
of Morphine to Human Addicts, Arch Int Med 44 376 (Sept ) 1929 
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maintained throughout the illness and convalescence, showed the same 
level of excretion during the early part of the disease, following the 
crisis and during the convalescent period, but a rise m the period just 
before the crisis when the patient was critically ill No unusual signs 
or symptoms appeared during the illness that could be attributed to the 
morphine 

COMMENT 

These results are of definite impoitance The study shows that 
morphine addiction is not characterized by physical deterioration or 
impairment of physical fitness aside from the addiction per se There 
IS no evidence of change m the circulatory, hepatic, renal or endocrine 
functions When it is consideied that these subjects had been addicted 
for at least five years, some of them for as long as twenty years, these 
negative observations are highly significant The study offers substan- 
tial grounds for the belief that were it possible to relieve the addict of 
his addiction complete i ehabihtation could be expected 

The abrupt withdrawal of morphine was accompanied by only slight 
changes m the physiologic mechanisms studied, changes which afforded 
no adequate explanation of the withdrawal symptoms 

The readministration of moiphine during the peiiod of the with- 
drawal symptoms was not accompanied by return to normal of those 
few positive observations characteristic of the withdrawal peiiod m spite 
of the apparent return of the addicts to a sense of well being Schneider’s 
test of physical fitness and the staircase climbing test indicated a poorer 
response than during the pei lod of suffering 

Following treatment and just before discharge from the hospital, 
our studies again indicate few changes except that the average leukocyte 
count was still high, a slight concentiation of the blood still persisted, a 
slight rise m the average for the pn and lactic acid of the plasma and a 
decided fall m the efficiency tests weie found One cannot correlate 
these obseivations with the behavior of the patients 

The study appears to us to be conclusive with respect to the physio- 
logic reactions of the addict which we investigated It indicates, how- 
ever, the necessity for a study of the addict from some new standpoint 
in ordei to reveal the factors which induce and maintain the state of 
addiction and which on abiupt withdrawal of the drug elicit the with- 
drawal symptoms 

10 Fry, Edilh G , Light, Arthur B , Torrance, Edivard G, and Wolff, William 
A Opium Addiction X Excretion of Morphine by Human Addicts, Arch 
Int Med , this issue, p 862 
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ROCHESTER, MINN 

The study of laige groups of persons seems to establish a definite 
lelationship between the weight of the body and the arterial blood pres- 
sure Faber, ^ in his report of 1,000 approximately normal children 
between the ages of 4 and 16 yeais, showed a striking and corresponding 
use in both systolic and diastolic blood pressure with a use m body 
weight in each gioup Since arteriosclerosis and othei diseases which 
predispose to ai terial hypertension may be excluded in these persons, the 
evidence of the lelationship of body weight to blood pressuie appears 
even more conclusive That deviation from the normal body weight is 
associated with definite variation in blood pressure in othei wise normal 
persons is well demonstrated by Symonds - His i eview of the results 
of 150,419 examinations foi life insurance revealed steplike variations 
in the blood piessure between the vaiious groups There was a fall in 
both systolic and diastolic piessuie m each gioup m which the subjects 
were below noimal body weight, and a coriespondiiig rise m blood 
pressuie in each group made up of peisons who were above noimal body 
weight 

The significance of the type of body build as i elated to blood pres- 
suie IS pointed out by Larimore® His studies of factory workeis, of 
whom 177 were males and 237 females, show that persons of the sthenic 
type have definitely higher systolic and diastolic blood pressuies than 
those who are of the asthenic type In peisons of the intermediary, 
hyposthenic type, the averages for blood pressure were between the 
averages for the sthenic and the asthenic groups Faber ^ tended to cor- 
roborate this obsen^ation in his conclusion that m men of equal weight 
the blood piessuie is slightly lower in those of greater height 

Submitted for publication. May 28, 1929 

'From the Medical Division of the Mayo Clinic and the Mayo Foundation 
Faber, H K A Formula Expressing a General Relationship Between 
Pressure and Body Weight, Proc Soc Exper Biol & Med 25 77, 1927 

2 Symonds, Brandreth The Blood Pressure of Healthy Men and Women, 
J A M A 80 232 (Jan 27) 1923 

^3 Larimore, J W A Study of Blood Pressure in Relation to Types of 
Bodily Habitus, Arch Int Med 31 567 (April) 1923 

4 Faber, quoted by McWilliam, J A Blood Pressure in Man, Normal and 
Pathological, Physiol Rev 5 303, 1925 
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The 1 elation between arterial hypei tension and groups of persons 
above normal body weight is pointed out by Huber,® who cited evidence 
obtained from the examination, in 1923, of 12,000 army officers Fur- 
theimore, m his own study of the results of 1,332 examinations made 
111 the army, he found that 18 per cent of those who were overweight 
had arterial hypertension (s 3 'stolic) , only 15 per cent of those of normal 
weight and 11 per cent of those who were underweight exhibited arterial 
hypertension (systolic) More stiikmg evidence of this relationship is 
reported b)'^ Terry,® in whose series of sixty-three obese patients, thirty- 
seven (58 per cent) were found to have arterial hypertension, or average 
blood pressures of 173 systolic and 96 diastolic for the entire hyper- 
tensive group Twenty-four of these obese patients weie placed on a 
dietar)'- regimen, and after an average loss of 12 pounds (5 4 Kg ), the 
average arteiial blood pressure for the group of twenty-four fell from 
196 systolic and 103 diastolic to 170 systolic and 95 diastolic Similar 
results were reported by Rose ^ m his senes of ten obese patients whose 
weights were reduced by a dietary regimen 

It has been shown ® that in patients suffering from cholecystitis the 
blood pressure curve, when corrected for body weight, was lowered so 
that it varied little from the accepted curve for normal blood pressure 
and so that it correlated with that of patients with gastric ulcer More- 
ovei , the blood pressure curve in gastric ulcer was raised when a correc- 
tion for weight was made Since the body weight in cholecystibs 
fiequently is above normal and that in gastric ulcer frequently is below 
normal, the value of correcting blood pressure for body weight seems 
evident 

PRESENT STUDY 

A study has been undertaken for the purpose of determining the 
1 elationship, if any, that exists between arterial blood pressure and body 
weight In other words, an attempt has been made to determine whether 
the rule that blood pressure is increased in obese and lowered m ema- 
ciated persons holds m the phj'^sician’s office, ii respective of the medical 
status of his patients The attempt Avas not to establish normal values, 
but to find whether impressions gained from normal persons apply to 
all patients m a geneial clinical practice, and to determine how dominant 

5 Huber, E G Systolic Blood Pressure of Healthy Adults in Relation to 
Body Weight, JAMA 88 1554 (May 14) 1927 

6 Terr}"^, A H , Jr Obesity and Hypertension, J A M A 81 1283 (Oct 
13) 1923 

7 Rose, R H Weight Reduction and Its Remarkable Effect on High Blood 
Pressure, New York M T 115 752, 1922 

8 Hartman, H R , and Brown, G E A Statistical Study of the Systolic 
Blood Pressure m Cases of Duodenal and Gastric Ulcer, this issue, p 843 
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IS the factoi of weight m influencmg blood pressuie Many of the pei- 
sons studied weie in a noimal state of health 

To obtain the data for this study, records of 2,042 consecutive legis- 
tiants, aged 15 oi inoie, weie taken from the file of the Mayo Clinic 
for June, 1927 Nine hundied and fifty-nine of the subjects weie males 
and 1,083 females 

By use of the Nylic Standaid Table of Heights and Weights com- 
piled by Di Oscai H Rogeis of the New Yoik Life Insuiance Com- 
pany, peicentage deviation fiom noimal weight was computed in each 
case Aiiangement of gioups by peicentage deviation from noimal 
was then accomplished for males and for females Those peisons within 
10 pel cent above or below the accepted noimal weie grouped as “noir 
mal ” The giouping utilized was as follows 

Gi otip 1 — 26 to 50 pei cent underweight 
Gioup 2 — 11 to 25 pel cent undei weight 
Group 3 — Noimal weight 
Gioup 4 — 11 to 25 pel cent ovei weight 

Gioup 5 — 26 to 50 per cent ovei weight 

Gioup 6 — 51 to 75 per cent ovei weight 

Total undei weight 
Total ovei weight 

The mean blood pressures within each gioup subsequently weie 
utilized t6 compute the systolic and diastolic blood piessures foi each 
designated gioup The probable eiiois of the diffeiences weie com- 
puted ® to ascei tain the significance of the variation between the blood 
piessures of the gioups 

The average blood pressures foi the gioups, with the designation 
of the piobable eiioi, were then plotted giaphically (chaits 1 and 2) 
The minus piobable eiioi is shown in the charts 

COMMENT 

Chait 1 shows in males an almost stephke use fiom gioup 1 to 
gioup 6 m the mean values for the systolic blood piessuies of the 
groups Heie the most significant use of systolic blood piessuie is 
demonstiable between groups 3 and 4 The maiked diffeience between 
the total undei weight (125 1 systolic) and the total overweight (1412 
systolic) male groups is stiikingly significant, with odds of sixty-five 
billion to one given to this diffeience^® 

9 Rugg, H O Statistical Methods Applied to Education, Boston, Houghton 
Mifflin Company, 1917, pp 410 

10 Pearl, Raymond ]\Iedical Biometry and Statistics, Philadelphia, W B 
Saunders Company, 1923, p 209 
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In the females there is a similar steplike rise in the systolic blood 
piessure, with inciease in body weight until groups 5 and 6 are reached, 
where there is a fall from the peak (146 7 systolic) The small numbei 
of cases (eighteen and four, respectively) in these last groups allows 
this appal ent discrepancy, but there is little oi no significance in view 
of the laige piobable eirors involved The maiked diffeience between 
the total underweight ( 127 8 systolic) and total overweight ( 142 2 sys- 
tolic) fanale groups is piactically as sti iking and is equally as significant 
as it IS in the males 

In chart 2 it is shown that the means for diastolic pressuies and the 
body weight were coi related in females only, and the differences between 
the classes accoiding to weight, of couise, weie small In the males the 
mean value for diastolic blood piessuie m the total ovei weight group 
was even smaller than that in the total underweight group, and the 
means in the different gioups according to weight weie not consistent 
with the con esponding systolic aveiages The small weight of signifi- 
cance given these diastolic vaiiations allows for a possibility that a laiger 
gioup study might leveal the expected steplike use m males, as is found 
more significantly in females The averages for diastolic piessuie in 
the female group proved consistent with the corresponding systolic aver- 
ages thioughout 

This lack of constancy in diastolic blood pressuie could be traced 
readily to lack of uniformity of technic in taking the readings The 
phenomena on which the record of diastolic blood piessure is based are 
not as sharply defined as aie those of the systolic pressure All read- 
ings weie taken by a trained but diversified group of clinicians who used 
a spiing sph 3 ^gmomanometer which every seven days was checked against 
a mercury sphygmomanometer The inconstancy of the diastolic i eadings 
emphasizes only the striking constancy of increase of systolic blood 
pressuie with increasing weight in a nonselected group of office patients 
in a general clinical practice Weight must be a dominant factor in 
detei mining systolic blood pressure Lack of correlation in the males, 
lack of uniformitv of technic and instability of diastolic blood pressuie 
itself pieclude logical relationship being drawn between diastolic blood 
piessuie and body weight in this particular study 



HEMOCHROMATOSIS IN A METAL WORKER 


CASE REPORT WITH AUTOPSY AND A BRIEF REVIEW OF THE 

LITERATURE ^ 

F C WOOD, MD 

AND 

T FITZ-HUGH, Ju , MD 

PHILADELPHIA 

The classic picture of “diabHe bronze” is larely seen m this clinic, 
in spite of the belief of Mallory ^ that its fundamental pathologic back- 
ground is not uncommon Our interest was keen, theiefore, when a 
man was admitted to the ward, not only piesenting this condition in 
characteristic form, but also giving the remarkably apiopos history that 
he had been a metal worker, in brass, steel and copper, for more than 
twenty yeais 

With the diagnosis practically “ready made” at the outset, we were 
able to plan and carry out fairly complete clinical and laboratory studies, 
which, together with autopsy observations, form the basis of this report 

Oui purpose was (1) to search for evidence of copper poisoning 
in lelation to hemochromatosis, (2) to observe the effectiveness or non- 
effectiveness of insulin in controlling carbohydrate disturbances in a 
pancreatic disease known to be progressive and further complicated by 
liver disease, and (3) to study by clinical and laboratory methods the 
other endocrine glands which might be affected in this remarkable con- 
dition When death ensued in spite of our best effoits, the autopsy 
enabled us to con elate the clinical and pathologic observations 

REPORT or CASE 

Histoiy — M , a white man, aged 48, married, was admitted to the University 
of Pennsvlvama Hospital to the service of Dr Alfred Stengel on Dec 21, 1927 
Two years previously when he was apparently well he began to experience gnawing 
epigastric pain, three hours after meals, which was rehe\ed by food and sodium 
bicarbonate He had never been free from this pain for more than a week since 
its onset About a year before, his friends noticed that the skin of his hands, 
forearms and face was becoming darker This coloring progressed gradually until 

' Submitted for publication, June 20, 1929 

’■ From the Medical Division Hospital of the Universitj of Pennsylvania 

1 Mallory, F B , Parker, F, Jr, and Nye, R N Experimental Pigment 
Cirrhosis Due to Copper, and Its Relation to Hemochromatosis, J M Research 
42 461, 1921 Mallory, F B Hemochromatosis and Chronic Poisoning nith 
Copper, Arch Int Med 37 336 (March) 1926, Relation of Chronic Poisoning 
with Copper to Hemochromatosis, Am J Path 1 117, 1925 
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his admission to the hospital About two months before admission he began to 
exhibit loss of weight, polydipsia and polyuria Sugar was found m the urine at 
this time, although two previous examinations during the past year had been 
negative in this respect He had blurring of vision, dyspnea and palpitation on 
exertion, weakness, loss of libido and some numbness and tingling of the finger- 
tips for the past two months 

He had had an umbilical hernia for two j^ears, small hemorrhoids for ten 
years and multiple subcutaneous tumors for twenty years He said that he had 
never had lenereal disease 

His family history indicated nothing of importance except that he had four 
healthy children, and that his mother had similar multiple tumors beneath the 
skin 

He had worked in a machine shop for twenty years, usually with steel, often 
with brass and rarely with copper During the grinding of these metals, he 
would become covered with the dust produced which would “work into his clothes,” 
so that his underwear was thoroughly impregnated with it He gave up this work 
three months before admission His alcoholic habits were temperate He took 
no silver preparations m any form 

Physical Eiaminafion — On admission to the hospital, the temperature and 
pulse rate were normal, the blood pressure was 112 systolic and 68 diastolic He 
was emaciated The skin of the hands, forearms, face and neck was dryj scaly 
and of a striking duskj' leaden hue This pigmentation was less noticeable in those 
parts of the body covered by clothing His face w'as feminine in configuration, 
with “retrousse” nose and pointed chin His voice was feminine in tone He had 
no axillary or thoracic hair, and the pubic hair was scanty and feminine in dis- 
tribution The mouth showed poor dental hygiene but no abnormal mucosal 
pigmentations The heart and lungs w'ere normal Abdominal examination revealed 
a small umbilical hernia and a large, hard, bulging liver, extending down to within 
1 cm of the umbilicus This organ showed relatively more enlargement of the 
left than of the right lobe so that its edge made a nearly horizontal line across 
the abdomen The spleen w^as indefinitely palpable On ausculation a peculiar 
humming sound ivas heard to the left of the umbilicus, not unlike the sound of 
wund blowing through telephone wures It grew louder during cardiac systole and 
faded in diastole It ceased entirely w'hen moderately firm pressure was made 
with the stethoscope, or wuth the finger in the vicinity of the stethoscope There 
W'as moderate ascites The genitalia w'ere grossly normal There was general 
adenopathy of a mild degree The multiple subcutaneous, circumscribed, fairly 
soft, almost symmetrical tumors, not more than fifteen in all, previously men- 
tioned, W'ere noticed in the various parts of the body, but chiefly on the extremities 
.«j^ 5 =r 5 ihe diagnosis of hemochromatosis w'as made on the basis of this classic picture 
a man in midlife wuth hepatic cirrhosis, diabetes melhtus and pigmentation An 
additional unrelated diagnosis of familial lipomatosis completed our view of the 
case at this time Abdominal neoplasm and Addison’s disease were considered, 
but W'ere ruled out 

Laboiatoiy Studies — The urine throughout show'ed sugar Ketone bodies w'ere 
present on admission, and appeared now and then during his stay in the hospital 
There were neither casts nor albumin Urobilin was strongly positive, and there 
W'as a trace of bilirubin at times Rous' modification of the Perl test 2 for 
hemosiderin in the urine w'as negative on three occasions, except for the finding 
of a few' blue extracellular particles No hemosiderin granules w'ere found in the 


2 Rous, P Urinarj Siderosis, J Exper Med 28 645, 1918 
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unstained sediment The intake and output of fluid bore normal relations to each 
other, except when ascites began to increase 

On admission, the blood showed a normal red and white cell count, hemoglobin, 
82 per cent, and a differential count of neutrophils, 70, lymphocytes, 22, large 
mononuclears and transitionals, 8 Toward the end a moderate secondary anemia 
developed No peculiarities were noted in the (Wright’s) stained smear, and 
malarial organisms w’'ere not found No phagocytes were seen containing hemo- 
siderin The reticulated red blood cells w'ere 0 8 per cent The fragility test was 
normal , hemolj sis began at 0 450 and was complete at 0 325 per cent The bleed- 



Fig 1 — Section of the liver Stained by Mallory’s method (alum hematoxylin 
and ammonium sulphide) The hemosiderin granules take on an intense black color 


mg time was three minutes, and the tourniquet test w'as negative The venous 
clotting time, clot retraction and blood fibrinogen were normal The blood sugar 
varied from 0 145 to 0 280 per cent despite large doses of insulin daily (175 units) 
and a diet of protein, 75 Gm , fat, 125 Gm , and carbohydrate, 100 Gm The 
blood carbon dioxide in mild acidosis w'as 42 per cent by volume and rose to 
62 per cent by volume subsequently The Wassermann reaction of the blood was 
negatne The van den Bergh test showed an indirect reaction of 1 3 and a 
negative direct reaction The icterus index was unobtainable because of hemolysis 
wduch occurred on each of three occasions The blood urea nitrogen was 9, 5, 8 
and 12 mg per hundred cubic centimeters on various occasions 
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The ascitic fluid obtained se\eral times bj paracentesis abdominis, was jellowish 
w'lth a slight turbIdIt^ Tlie specific gravit} was 1 008 There were 500 red and 
52 white blood cells per cubic millimeter Urea nitrogen and sugar were found 
in the same amounts that were present in the blood 

The basal metabolic rate w as plus 2 per cent Gastric analj sis show ed sustained 
high figures, the free Indrochloric acid being 72 , the total Indrochloric acid, 88 
Roentgen studies ga\e the following results The chest was normal The 
pituitarj fossa was slightl} under the normal limits of size Cholec\ stograms 
showed no shadow of the gallbladder in am of the films Films of the gastro- 



Fig 2 — Section of the pancreas Same stain as in figure 1 


intestinal tract showed Inperperistalsis and Inpermotilitj in the stomach, a constant 
duodenal cap deformit\ b\' the fluoroscope but not in the serial films, phrenopasm 
111 the esophagus and Inpermotihfj'^ in the colon 

The visual fields and CAegrounds presented nothing of importance The 
electrocardiographic report was “rate 80, no arrhythmia recorded, P wa\es normal, 
P-R inter\als 014 second, QRS complexes within normal limits, T-wa\es small 
in lead 1, imerted m lead 2 Tracing indicates marked functional depression of 
the nn ocardium, probably wuth mvocardial disease ” 

A biops\ of the skin and of a h mph gland show ed the presence of hemosiderin 
m considerable amounts m each No copper was demonstrable The subcutaneous 
tumors mentioned pro\ed to be lipomas 
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Coutse — The subsequent course was a steadil}' downward one characterized by 
persistentl}^ high blood sugar, recurrent ascites, progressive emaciation, diarrhea, 
abdominal pain, weakness, moderate anemia and edema of the lower extremities 
The increased blood sugar did not yield to massive doses of insulin On 175 units 
per day and a diet of protein, 75 Gm , fat, 120 Gm , and carbohydrate, 100 Gm , 
the blood sugar stayed consistently in the vicinity of 0 2 per cent Increasing the 
insulin had little, if any, effect Moreover, the patient showed evidence of insulin 
shock in only one rather doubtful instance 

Ten da 3 S after the last paracentesis abdominis, signs of peritonitis developed 
This was attributed to a retrograde infection through the puncture wound, which 



Fig 3 — Section of a hmph node, near the pancreas Same stain as m figure 1 


had continued to dram for several dajs The patient had neither fever nor leuko- 
c\tosis at anj^ time He died, m coma, of peritonitis on Jan 26, 1928, thirtj -seven 
dajs after admission 

Autopsy — ^At autopsy the typical observations of hemochromatosis® were 
present cirrhosis and marked hemosiderin pigmentation of the liver (fig 1) , 
marked hemosiderosis of the pancreas (fig 2), the color being a deep chocolate 
brown, and a considerable hemosiderin deposit in the heart muscle and lymph 

3 Blanton, W B , and Healy, W Hemachromatosis Report of Four Cases, 
Arch Int Med 27 406 (April) 1921 
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glands, especiallj those in the retroperitoneal chains near the luer and pancreas 
(fig 3) No cause was found for the peculiar humming murmur to the left of the 
umbilicus, which w'as doubtless a venous bruit in the abdominal vail itself 

The immediate cause of death was a condition which should have been diagnosed 
from the histor 3 ' and gastro-intestinal studies, nameljs a ruptured duodenal ulcer 
The patient’s tj'pical historj' of ulcer was not appreciated correctl> on account of 
the other upper abdominal pathologic changes When the signs and symptoms of 



Fig 4 — Photograph of the patient taken on Dec 27, 1928 The pigment is 
most noticeable on the face, forearms, hands, legs and feet 

peritonitis developed, thej’’ followed uncomfortably closely on a paracentesis 
abdominis, so that the possibilitj^ of a ruptured ulcer was never suspected 

COMMENT 

Hemochromatosis is a disease characterized by (1) cirrhosis of the 
liver, (2) diabetes and (3) marked hemosiderin and hemofuscin deposits 
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in the various tissues, especially m the liver, pancreas, abdominal lymph 
nodes, exposed aieas of the skin, heart muscle and endocrine glands 
Hanot and ChaufiFard the earliest wiiteis, believed that diabetes pro- 
duced a generalized perversion of cellular metabolism The hepatic 
changes incident to this -widespread metabolic deiangement resulted in 
interference with chiomogenic function, and this in tuin caused the pig- 
ment deposits Von Recklinghausen ® considered hemochiomatosis as a 
"chionic form of hemorihagic hepatitis” and a sign of a hemorrhagic 
diathesis Rendu and de Massary ® and Brault and Galhard suggested 
that the cnrhosis of the liver was probabl) the piimary etiologic factor 
According to their opinion, pigment was deposited as a result of the 
extreme cachexia caused by the combination of diabetes and cn rhosis of 
the hvei Letulle,® P Mane ® and Jeanselme believed that the pig- 
ment deposits came first, and that panel eatic and hepatic changes were 
secondary to it They ascribed the hemosiderosis to an excessive blood 
destiuction by some unknown toxin Opie,“ in 1899, likewise thought 
that the hemosiderin deposit preceded and caused the cirrhosis and the 
diabetes, but found no evidence of blood destiuction oi regeneration 
He therefore suggested that some underlying hepatic dysfunction, with 
inability of the liver cells to effect the normal elaboiation of bile pig- 
ments fiom the hemoglobin of the blood, might be responsible for the 
accumulation of hemosiderin in the tissues Sprunt agieed that pig- 
ment deposits appealed fiist, but invoked an intracellular metabolic 

4 Hanot and Chauffard Cirrhose hypertrophique pigmentaire dans le diabete 
sucre, Rev de med 2 385, 1882 

5 Von Recklinghausen Ueber Haemochromatose, Tageblatt der 62te 
Versammlung deutscher Naturforscher und Aertze in Heidelberg, 1889, p 324 

6 Rendu and de Massary Cirrhose et diabete bronze. Bull et mem Soc 
med d hop de Pans 14 163, 1897 

7 Brault, A , and Galhard, L Sur un cas de cirrhose hj^pertrophique pig- 
mentaire dans le diabete sucre, Arch gen de med 1 38, 1888 

8 Letulle Cirrhose pigmentaire du foie, chez les diabetiques, Semaine med 
5 408, 1885 

9 Mane, P Sur un cas de diabete bronze suivi d’autopsie, Semaine med 
15 229, 1895 

10 Jeanselme, M E Hematologic et pathogenic du diabete bronze. Bull et 
mem Soc med de hop d Pans 14 179, 1897 

11 Opie, EL A Case of Hemochromatosis The Relation of Hemo- 
chromatosis The Relation of Hemochromatosis to Bronzed Diabetes, J Exper 
Med 4 279, 1899 

12 Sprunt, T P Hemochromatosis A Report of Three Cases and a Dis- 
cussion of the Pathologenesis, Arch Int Med 8 75 (July) 1911 Sprunt, T P , 
Colwell, H S , and Hagen, H J Pigment Formation in the Liver During 
Autolvsis and Its Relation to the Pigmentation of Hemochromatosis, J Exper 
Med 16 607, 1912 



WOOD-FITZ-HUGH— HEMOCHROMATOSIS 


889 


disoicler of unknown origin as the cause of this sepaiation of the 
“chromogenic gioups of the pioteicl molecule” fiom the lest of the cell 
constituents 

Gaskell and his co-woikeis,^^ McCluie and Howaid and Stevens 
studied cases of hemochromatosis with lefeience to undue letention of 
non, but then woik, although caieful, was laigely inconclusive Othei 
woikeis had had similar experiences Rous and his co-woikeisd' by 
lepeated tiansfusions in rabbits, showed that hemosiderin deposits, sim- 
ulating those in hemochromatosis, could be pioduced by the ensuing 
inci eased blood destuiction They admitted, howevei, that such an 
excess of hemolysis could not be the sole cause of the disease Rous 
believed that cnihosis of the hvei and pancreas due to some unknown 
toxin was piobably piimaiy and piioi to pigment deposition 

Malloiy’^ pioduced some inteiesting recent woik on the etiology of 
hemochi omatosis His conclusions were that the disease is due to intei - 
ference with the elimination of non He pointed out that noimally 
fiom one twelfth to one twentieth of the total niimbei of led blood cells 
are destioyed daily, and that failuie to exciete the noimal amount of 
iron would lesult in a niaiked accumulation of iion-containing pioducts 
m the body He consideied the mechanism of this inteifeience as prob- 
ably due to chionic coppei poisoning, m which the hemoglobin unites 
with copper to form cupiohemol This substance is deposited in the 
tissues The hemoglobin is then sepaiated from the coppei. and is 
changed to hemofuscin, an ii on-containing compound with the iron 
bound 111 such a chemical fashion that it is incapable of leactmg chem- 
ically to give the usual non tests By fuithei action of the tissue enzymes 
the hemofuscin is changed to hemosideiin These two substances act 
as foieign bodies and cause neciosis of the cells m which they lodge 
Fibiosis follows, which pioduces dysfunction of the oigans conceined 
Malloiy described hemofuscin and hemosiderin deposits m expeiimental 
animals as a lesult of poisoning them with small doses of copper ovei 

13 Gaskell, J F , Sladden, A F , Mackenzie Wallis, R L , Vaile, P I, and 
Garrod, A E A Contribution to the Study of Bronzed Diabetes, Quart J Med 
2 129, 1914 

14 McClure, C W Metabolism in a Case of Hemochromatosis, Arch Int 
Med 22 610 (Nov ) 1918 

15 Howard, C P , and Stevens, F A The Iron Metabolism of Hemo- 
chromatosis, Arch Int Med 20 896 (Dec) 1917 

16 Sheldon, J H The Iron Content of the Tissues in Hemochromatosis 

with Special Reference to the Brain, Quart J Med 21 123, 1927 Dunn, J S 
Discussion of Hemochromatosis, Bnt M J 2 783, 1921 Telling, W H M Dis- 
cussion of Hemochromatosis, Bnt M J 2 784, 1921 Stewart, M J The 

Cirrhosis of Hemochromatosis, Bnt M J 2 1066, 1922 

17 Rous, P , and Oliver, J Experimental Hemochromatosis, J Exper Med 
28 629, 1918 
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long periods He maintained that hemofuscin is deposited first and 
then changed to hemosiderin This differs from the usual opinion He 
showed the possible sources of human copper poisoning to be manifold 
home brewed and distilled liquors, canned green vegetables colored with 
copper compounds and foods piepared in copper utensils m the presence 
of acids 

On inquiring into the histones o'f his patients, he found that some of 
them had worked with coppei in machine shops for prolonged periods 
He admitted that many patients present no such histoiy, and that many 
copper workers do not contract the disease However, the numerous, 
hitheito unrecognized sources of copper poisoning, and the marked dif- 
ferences in individual susceptibility to this substance, are considered by 
Mallor}'^ to be sufficient reason for these observations 

Hall and Butt have obtained results similar to those of Mallory, 
but lecently Flinn and von Glahn created considerable doubt as to the 
validity of the foregoing hypothesis They repoited a pigmentation, 
similar to that desciibed by Mallory, which they repioduced in rabbits’ 
livers by the feeding of substances not containing copper, such as car- 
lots and sodium acetate Moi cover, some of their rabbits developed 
pigment deposition on a noimal laboratoiy diet These experimenters 
failed to confiim Mallory’s lesults in other animals 

Further work on this subject will be necessary to establish the simi- 
larity or difference between the types of pigmentation described by 
Mallory,^ Hall and Butt,^® Rous and Flinn and von Glahn before 
any conclusions on this subject can be formulated 

The history of our patient’s metal work fits in with Mallory’s 
hypothesis We failed to deinonstiate excess copper in tissue lemoved 
at biopsy, or in the blood or urine of oui patient, but this failure merely 
duplicates that noted by Mallory He explained this as being due to the 
fact that copper is present in the tissues of these patients in close com- 
bination with hemofuscin, where it cannot be demonstrated microchem- 
ically As soon as the copper leaves this combination it is excreted 
Sinclair,®® in a case recently reported befoie the Association of Amer- 
ican Physicians, discovered a gieatly increased copper content in the 
liver, but his observation stands alone 

Theie remain a few isolated yet noteworthy points to be discussed 
In a paper entitled “Urinary Siderosis,” ® Rous described a test in 
which the urinary sediments of patients with hemochromatosis, when 

18 Hall, E M , and Butt, E M Experimental Pigment Cirrhosis Due to 
Copper Poisoning Its Relation to Hemochromatosis, Arch Path 6 1 (July) 
1928 

19 Flinn, F B , and von Glahn, W C A Chemical and Pathological Study 
of the Effects of Copper on the Liver, J Exper Med 49 5, 1929 

20 Sinclair, H Paper to be published 
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examined fiesh or when stained by his modification of the Peil method, 
weie found to contain pathognomonic amounts of hemosideiin His 
results weie not coiifiimed on thiee examinations of the urine fiom oui 
patient The cause may have been an inexpertness in technic It seems 
piobable, however, that there may be hemosiderin in the uime of one 
patient and not in that of anothei, depending on the amount of pigmen- 
tation in the kidney Rendu and de Massaiy ^ and Mallory found pig- 
ment scaice in the kidney The cause was ascribed to the fact that 
tubule cells desquamate as soon as they ai e desti oyed by the hemosiderin 
accumulation within them According to Malloiy’s view, uimary sidei- 
osis would be more readily discoveiable in a case m which the copper 
poisoning was recent and hemosideiin deposition active, than in an “old” 
case such as ouis 

The association of duodenal ulcei with hepatic disease is a ciicum- 
stance which is being consideied as possibly moie than meie chance, 
since Mann’s®^ woik on the etiology of peptic ulcer, and its pioduction 
by reducing in amount, or by side-tiacking, the hepatic and panel eatic 
secietions which noimally entei the duodenum Our study of the htera- 
tuie, however, failed to leveal any othei case of hemochi omatosis associ- 
ated with peptic ulcer 

In a lecent case lepoited by Allan and Constam,”^ the patient simi- 
laily died of a teiminal peiitomtis, but no duodenal ulcer was found 
at autopsy 

Althousen and Keii,-® leportmg on this disease since the develop- 
ment of insulin, noted the pecuhai nature of the insulin leactions One 
of their cases showed extiaoidinaiy instability of the blood sugar level 
and a tendency to sudden hypoglycemic shock This is the type of 
insulin 1 espouse we expected to find in our patient, but evidently the 
liver disease was not so great as to desti oy the leserve function of the 
hepatic glycogenesis and glycogenolysis He was lesistant to insulin, 
and his case was similar in this and some other lespects to the lecent 
case of Allan and Constam -- The mechanism of this resistance is dis- 
cussed 111 this papei 

Hypotension, sexual impotence, changes in the basal metabolism and 
loss of body hair have been alluded to in case reports of this disease 

21 Mann, F C Chemical and Mechanical Factors in Experimentally Pro- 
duced Peptic Ulcer, Tr A Am Phys 42 224, 1927 

22 Allan, F N , and Constam, G R Insulin Resistance in a Case of Bronze 
Diabetes, M Clin North America 12 1677 (March) 1929 

23 Althousen, T L, and Kerr, W T Hemachromatosis , Report of Three 
Cases with a Result of Insulin Therapy m One Case, Endocrinology 11 377, 1927 

24 Marsh, P L Hemosiderosis A Case of “Bronze Diabetes” with Endo- 
crine Disturbances (Sexual Regression), Endocrinology 8 795, 1924 



892 


ARCHIVES OF INTERNAL MEDICINE 


They are doubtless the results of endocrine injury (i e , pigment cirrho- 
sis), which IS a frequent observation in hemochromatosis Our patient 
showed several of these changes 

The electrocai diogi am accurately foietold the heart muscle damage 
found at autopsy 

The preponderating left-sided hepatic enlaigement noted in this 
patient has been mentioned as being piesent in other cases 

Three specimens of blood were sent to the laboratoiy for icterus 
index tests The leport on each specimen stated that hemolysis had 
caused discoloration of the serum sufficiently to preclude the perform- 
ance of the test Unfortunately, nothing was thought of this at that 
time, but It occuis to us that there might be some underlying factor, as 
yet not understood, which was responsible for this phenomenon on three 
sepal ate occasions We merely report it as suggestive and deserving 
of fuither study 

SUMMARY 

A typical case of advanced hemochromatosis occurring m a metal 
worker is reported with detailed clinical, laboratory and autopsy obseiva- 
tions The literature is briefly reviewed, and the possible etiologic role 
of chronic copper poisoning is discussed We feel that chronic coppei 
poisoning has not yet been proved to be the cause of this disease 

25 Sprunt (footnote 12, first reference) Blanton and Healy (footnote 3) 

26 Sprunt (footnote 12, first reference) 
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A method of placing and distending a balloon m vaiious chambeis 
of the heart and m the great vessels was previously described This 
method permits electrocai diographic observation of the effect of 
inci eased pressure within and distention of the cardiac cavities and 
of obstruction to blood flow in the great vessels of the intact young 
dog under light ether anesthesia 

This method of study has many undesirable featuies It is difficult 
to state what degree of pressure is exerted on adjacent structures 
With the baloon placed m the light ventiicle, piessure might be exerted 
through the septum influencing the mitial oi aortic orifices, or on 
the A-V node, His bundle, light bundle branch and its arborizations, 
or there could be mteiference with the flow of blood through the right 
ventiicle by obstruction of the tricuspid orifice or of the entrance to the 
pulmonary aiteiy orifice Likewise with the balloon in the left ventricle 
pressuie might be exerted through the septum onto the tiicuspid and 
pulmonaiy artery orifices, on the A-V node, His bundle, left bundle 
blanch and aiboiizations or on the mitral and aoitic oiifices There are 
degiees of inteifeience with the coionaiy circulation The normal move- 
ments of the conti acting lieait may be pi evented, e g , the twisting of 
the heait on its own axis as it goes into systole With the balloon in 
the gieat vessels it is not certain that they aie completely occluded 
especially on the arterial side When possible, efforts were made in 
vai lous ways to reduce to a minimum the influence of these complicating 
factois Fuither woik will be done observing arterial and venous 
blood pressuie and rate of coronary flow A small balloon was used 
to cause the least amount of pressuie on adjacent structures In 
the experiments on the left ventricle the right side of the heart was 
di allied on both sides of the tricuspid valve in an attempt to obviate 
the influence of congestion within the pulmonary circulation and 
distention of the light side of the heart Since a single electro- 

^ Submitted for publication, July 9, 1929 

From the Department of Medicine of Rush Medical College, University of 
Chicago 

1 Lundy, C J , and Woodruff, L W Experimental Heart Block, Arch 
Int Med 43 184 (Feb) 1929 
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cardiograph was used, only one lead was properly standardized, the 
othei was quickly thrown in and recorded without standardization 
Since in this paper attention is paid chiefly to gross discordance of 
Q R S of leads I and III, it is felt that geneial conclusions are 
warranted 

There are some desirable featmes The method is used on the 
intact dog Complete recovery occurs It is possible to influence 
separately either the light oi the left ventricle The expeiimeiits may 
be repeated many times on the same dog It is desirable, however, to 
obseive the position of the balloon at autopsy aftei each experiment 

RESULTS 

The balloon was placed entiiely within the light ventiicle and its 
pressuie laised, while obseivmg lead I, until a change in the electio- 
cardiogiam was noticed when a short observation of lead III was 
made The change usually occurred at a piessuie between that of 
systole and diastole as determined in the dog with a sphygmomanometer 
cuff aiound the abdomen compressing the abdominal aoita In the 
dogs used, systolic pressure vaiied from 120 to 300 plus nun of 
mercury, and the diastolic piessuie vaiied from 50 to 210 mm of 
mercury On raising the pressure within the light ventricle Q R S, 
gradually became inveited, while Q R S 3 lemained upright (fig 1) 
Immediately on release of the pressuie Q R gradually returned to 
upright, while Q R S 3 remained upright Repetition of the experiment 
on the same dog, lead III being used with frequent observations of 
lead I, showed Q R S 3 inciease slightly in height while Q R S^ had 
become inverted, on lelease of the piessuie Q R S^.g, both rapidly 
leturned to control form These lesults produced a pictuie identical 
with that of right axis deviation 

Observations made with the balloon in the right atiiicle showed 
inversion of Q R Si late in the experiment after block had set in 
With the balloon distending the tricuspid oiifice (and seeming to vary 
with the simultaneous and proportionate distention of the right ventiicle 
as compared with the right auricle), Q R Si_ 2-3 became inverted The 
time of appearance of the inversion of Q R S in all leads varied in 
different dogs between immediately appearing without slowing of the 
rate or without the appearance of block up to the time of the appearance 
of what seemed to be light bundle branch block At times the inversion 
of Q R S in all leads set in after complete block had occurred, yet 
without marked slowing of the rate, and finally it also appeared aftei 
marked slowing of the rate, and the dog was practically pulseless 

After the picture of right axis deviation with the balloon in the 
right ventricle had been produced, it was expected that a picture of 
left axis deviation might as easily be produced with the balloon distend- 
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ing the left ventricle This was not true, however, for an entirely 
different situation was encountered A pressure higher than the 
systolic pressure of the dog was required The balloons available 
would not always withstand such high, pressure When used, this 
high pressure often caused extrasystoles and even ventricular fibrilla- 
tion, presumably because of embarrassment of the coronary circulation 
as well as of distention of the left ventricle ']\f;oreover, it was usually 
impossible to raise the left intraventrfcular pressure without causing 
congestion of the pulmonary circulation and' right side of the heart 
with distention of the right ventricle This is due m part to the 
configuration of the left ventricular chamber on the septal side, which 
makes it rather eas) to force the balloon against the aortic orifice and 
to obstruct the blood flow at that site The long cone-shaped character 
of the right A^entncular chamber as it extends to the orifice of the 
pulmonar}' artery, together with the lower intraventricular pressure, 
permits a continuation of the circulation through that side of the heart 
in spite of the presence of the balloon 

Attempts to overcome these difficulties were made by using a small 
balloon, and by inserting a cannula into the right ventricle, right auricle 
or superior vena cava and draining the right side of the heart about 
two seconds after the pressure iias increased m the left ventricle 
Observations showed (fig 2) that on increasing the left intraventricular 
pressure, S3 would appear if absent before, or if present before would 
become increased from 0 2 and 0 3 millivolt to 0 4 and 0 5 millivolt, 
while Rg would dimmish from 1 2 and 1 4 to 0 8 millivolt, R^ would 
increase in height The increased S3 lasts for but a few seconds 
when the wave almost and at times entirely disappears, while R^ and 
Rg both become increased in height When drainage from the right 
side of the heart was instituted, it was noted that S3 would again 
increase, at times more than when pressure was applied without 
drainage, and R3 would almost always show a corresponding diminution 
in height R^ was ahvays increased in height under both circumstances 
When drainage of the right side of the heart was instituted before 
the initial increase of S3 disappeared, it w^ould persist as long as the 
congestion of the right side of the heart w^as prevented Even wdien 
S3 had disappeared after its initial appearance or increase, drainage of 
the right side of the heart w^ould cause it to reappear In experiments 
wuth and without drainage it w^as observed that S3 increased in height 
still further immediately after the increased left intraventricular pressure 
caused by the distended balloon w^as released, and this increase of S3 
w'ould persist until most of the w^ater had been expelled from the 
balloon and then Q R S^-g would both rapidly return to control form 
Drainage of the right side of the heart wuthout pressure being applied 
wuthin the left ventricle did not influence S3 in this manner, such 




Fig 2 (dog 68) Balloon entirel}' within the left ventricle A shows control with balloon in left 
\cntncle and glass lube in right ventricle R,=:125 to 135 millnolts, S= = 025 to 0 3 millivolts B 
pressure of 340 mm was applied at mark S. increases from 0 25 and 0 3 to 0 4 millnolts w-ithin three 
seconds, diminishing to 01 and 015 millnolts immediately after R, diminishes from 1 to 08 millnolts 
and within three seconds increases to 16 millivolts C, obser\ation with pressure maintained shows R, 
increased to 0 2 plus m^ Lead I not standardized, 1 cm < 1 mv Z), during drainage of right side of 
heart with pressure maintained in the left ventricle R, has diminished to 0 6 millivolt, while S= has again 
increased to 0 4 millnolt £, obser\ation during drainage of right side of heart Ri = 0 15 m\ Lead I 

not standardized, 1 cm < 1 mv F, rcco^erJ after pressure released and drainage stopped R, = 0 15 m^ 
Ka = 1 1 to 12 and Sj = 0 3 mv 






Fig 3 (dog 52) — Balloon at aortic orifice A shows control with balloon in aortic orifice Ri = 0 38 millivolt, R3=19 
millivolt B, pressure suddenly raised to 440 mm of mercury R3 increased from 19 and 2 mv to 2 5 mv Note Ta inversion 
onset and extrasystole C, control observation while pressure was maintained Ri as high as 0 42 millivolt Lead I not stand- 
ardized, 1 cm < 1 millivolt 
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drainage could never be made at the same rate even uhen instituted 
under high negative pressure 

These results show evidence of increased activit} of the left ventricle 
and while not so marked as in the experiments on the right \entricle, 
they seem to be outside the limits of error and might be considered 
as a picture of a tendency to left axis dcMation 

Obstruction of the aorta at its oiifice, or an> where throughout its 
course, gave results similar to each other but no such evidence of 
increased activity of the left ventricle In these experiments, Q R Sj -3 
both showed an increased height of R (fig 3) 

A definite picture of left axis deviation was produced by placing 
the balloon m the inferior vena cava midw'ay betw'een the hepatic 
vein and right auricle (fig 4) On increasing the pressure sufficiently 
to obstruct the inferior vena cava, Q R S 3 gradually became completely 
inverted wdiile Q R remained upright Immediately on releasing 
the pressure, Q R both returned to control form 

A fortunate accident enabled the production of a picture of left 
axis deviation in the intact dog by experimental pericardial effusion 
(fig 5) The balloon, on being inserted into the right side of the 
heart, became broken, and the tip of the glass tubing pierced the right 
auricle at the base anteriorly On injection of w'ater into the pericardial 
sac up to a pressure of 90 mm of mercury, Q R S 3 rather rapidly 
became completely inverted, wffiereas Q R Sj remained upright but 
diminished m height Release of the pressure caused prompt return 
to control form 

INTERPRETATION AND COMMENT 

It seems advisable to attempt to explain wdiy this apparently 
increased activity of one or the other ventricles of the heart is produced 
under the given conditions Reflex action by w^ay of the vagus has 
been ruled out It should be needless to say that it w^as not due to 
hypertrophy because of insufficient time It does not seem that it w^as 
produced by rotation of the heart on its owm axis or by the heart 
as a whole being displaced to one side because the dogs w^ere rotated 
to each side during the experiments, and this never caused the tracings 
to return to control form, nor was the glass tubing attached to the 
balloon seen to change its position except wdien the dogs themselves 
were rotated With the balloon in the inferior vena cava it does not 
seem that there could be any disturbance of the position of the heart 
as a wdiole 

An interesting observation w'as made m twm of the experiments 
on the right ventricle wdiich might shed considerable light on the 
interpretation of the results m this entire group of experiments and 
in addition on the influence of cardiod> namic changes on heart action 
as w'ell as on the interpretation of axis deviation These observations 
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are of special intciest when considered in relation to the view of Eyster, 
Meek and Hodges * that dilation of the heai t precedes hypertrophy 
In these two expeiiments, right axis deviation was produced with 
the balloon in the right ventricle Unlike the other experiments on 
the right ventricle, after lelease of the pressure, the tracings ncvei 
leturned to control form (fig 6) Q R remained diphasic, gning 
a more or less permanent light axis deviation All of the experiments 



Fig 5 (dog 7) — Experimental pericardial effusion A shows control liefore 
tube was inserted Ri=:04 millivolt, R =06 millivolt and S- = 05 millivolt 
B, control after tube was inserted and had perforated base of right auricle ante- 
riorly Note the notched Pi.s.a Ri = 0 55 millivolt, R- = 06 millivolt and S = 
06 millivolt C, pressure of 90 mm of mercury applied Q R S- gradually 
becomes completely in\erted Note the diminished Pa R- goes to 0 1 milluolt 
and St goes to 0 7 millnolt D, pressure released, Q R S- has returned to control 
form E, pressure again increased to 60 mm of mcrcurv Q R Si gradually 
diminishes in height but remains upright /', pressure released Q R Si gradu- 
al!\ returns to control height Note failure of Pi to return to control height 

2 Cjster, J A E, Meek, W J, and Hodges, E J Cardiac Changes 
Snbscf/ucnt to Experimental Aortic Lesions, Arch Int Med 39 536 (April) 1927 
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reported were ciucial, and observations were never made after four 
or five hours and were usually made within a few minutes Q R Sj 
might have returned to control form if sufficient time had been given 
for recoveiy But something had caused these two experiments to 









Fig 6 (dog 42) — Balloon entirely within right ventricle At autopsy the right 
ventricle was found to be greatly dilated A shows control after balloon was 
inserted into the right ventricle Ri = 0 55 millivolt and Ra = 1 6 millivolt B, 
pressure of 240 mm of mercury applied Note the extrasystoles Sudden appear- 
ance of deep Ss with Ta changing from inverted to upright C, Q R Sa remains 
upright Q R Si as in R Lead III not standardized, 1 cm > 1 millivolt D, 
observation four hours later showing Q R Si remaining diphasic with Q R Sa.a 
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show a change which was more permanent than any similar experiment 
At autopsy it was found that the right ventricles w^ere greatly dilated, 
more so than m any of the other experiments on the right ventricle 
It should be mentioned that the right ventricle was found to be some- 
what dilated in all of the expeiiments, but this may have been due to 
the heart dying with the right ventricle m diastole The left ventricle 
was found slightly dilated only in the experiments on the left ventricle, 
and only once was it found slightly more dilated than usual with no 
unusual electiocardiographic obseivations in that experiment 

The marked dilation of the right ventricle alone associated with 
a more permanent right axis deviation leads to the consideration of 
the influence of stretching the heart on its action curient We are 
not yet prepared to say that stretching the ventricle in this mannei 
injured the individual cell membranes or whatever condition exists 
that delimits cells from each other Eyster ^ repoited a condition of 
“hydropic degeneration” found m dogs with dilatation of the whole 
heart Dubiow^ reported fatty degeneration moie pronounced in the 
light ventiicles of dogs showing light axis deviation subsequent to 
pneumothorax The stretching of the muscle of the right ventricle 
produced a change associated with electrocardiographic evidence of 
increased activity of only that part of the heait which was stretched 
Whatevei the nature of the change may be, m most instances it was 
tempoiary, while in these two expeiiments it was more permanent 

Bayhss ° said, “Increased permeability runs parallel with inci eased 
excitability of muscle ” It might be said that the nervous impulse 
acting on heart muscle injured m this manner produces an inci eased 
action current because the stretched heart muscle is in a state of 
increased excitability Fuither, if the peimeabihty of the cell membrane 
IS increased, oi if the mterfacial surface tension between cells is 
influenced, the state of increased excitability could be due to increased 
conductivity between cells because of the more ready diffusion of ions 
or electrolytes through the changed cell membranes, or mterfacial 
surfaces of the cells, thereby lowering the resistance between cells 
The lowered resistance between the cells of itself would give 
a stronger current as registered m the electrocardiographic lec- 
ord This is consistent with an unvarying impulse conforming 
to Ohm’s LaWji^ll^ == amperes With such an interpretation of the 
mechanism involved, it could be said that the picture of right axis 

3 Ejster, J A E Cardiac Dilatation and Hypertrophy, Tr A Am Phys 
42 15, 1927 

4 Dubrow, J L Effect of Permanent Pulmonary Collapse on the Heart, 
J A M A 90 1364 (April 28) 1928 

5 Bayliss, W Principles of General Phjsiolog\, New York, Longmans, 
Green S. Companj, 1924, p 398 
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deviation was produced by stretching the right ventricle and thereby 
increasing its excitability That this could be a matter of the degree 
of stretching of the heart muscle, permitting a more oi less intimate 
contact between the electrolytes of the individual cells producing a 
proportionate degree of increased excitability, is a conjecture not without 
reason and evidence, for it was observed that when the right ventricle 
was moderately stretched, the right axis deviation rapidly returned 
to normal control form, whereas when the right ventricle was greatly 
stretched, it did not return to control form within four hours In 
some experiments, for various reasons, we did not get so great a 
degree of axis deviation as m others Similarly, the rate of propagation 
of the action current might be increased, as observed by shortened time 
of Q R S which usually returned to contiol length 

A fourth factor which could act in a similai manner might be 
due to the distended balloon partially obstructing the venous drainage 
of the heart and maybe only locally within the right ventricle The 
partial asphyxia produced thereby might increase the permeability of 
the cell membrane, or it might influence the electrolytes of the cells 
malong them more diffusible by changing' their charactei or increasing 
their concentration Factors operating in a different way could be 
fifth, change in the direction of the action current associated with 
change in the direction of the muscle fibers , sixth, a change in the 
relative volume or mass ratio between the right and left ventricles 
which might result (o) because the light ventricle is distended and 
(&) because the left ventricle might be actually smaller, owing to a 
diminished amount of blood being supplied to it 

The lesults obtained with the balloon at the tiicuspid orifice are 
difficult to interpret These observations have not been adequately 
controlled No consideration is given to those instances of inversion 
after complete block had occurred with a greatly slowed rate and 
a practically pulseless dog One similai clinical observation showed 
a similar downward deflection of Q R S m all leads, but and T^ 
also were inverted, leading to the diagnosis of congenital dextrocardia 
with left axis deviation The x-ray picture showed the heart and 
liver transposed The inveision of Q R S m all leads of this group 
of experiments appears confusing, except that there seems to be a 
relationship to the balloon being in the aortic orifice in which Q R S 
of all leads increases in height and is diiected upward It is possible 
that right and left bundle branch block was produced when the balloon 
distended respectively the tricuspid and aortic orifices 

The picture of left axis deviation produced by obstructing the blood 
flow m the inferior vena cava may be due to increased peripheral 
resistance which could cause stretching of the left ventricle and maybe 
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mcreased excitability in a manner similar to that of the experiments 
on the right ventricle except that the blood damming hack is the 
stretching agent Here, too, the right ventricle would not he normall) 
distended owing to diminished retuin flov of blood to the right side 
of the heart This would deciease its relative volume or mass ratio 
even to a normally distended left ventricle Also, the right ventricle 
might have a deci eased action current owing to decreased excitahilit} on 
the basis of the mechanism already desciihed These seveial factors 
operating together would further increase the tendency to left axis 
deviation 

The picture of left axis deviation produced by the experimental 
pericardial effusion was probably largely due to the extracardiac 
pressure interfering with the normal distention of the right ventricle 
more than the left, producing to a certain degree a relative left axis 
deviation The incomplete filling of the right ventricle should he 
reflected hack through the general circulation, causing greater distention 
of the left ventricle and some actual left axis deviation In this 
regard it is interesting to observe that Pj_, were suppiessed along with 
inversion of Q R S, and suppression of R,, and that they did not 
always return to control form because the extracardiac pressure could 
not he reduced sufficiently to permit normal filling of the auricles 
However, a sinus rhythm was maintained throughout 

With the balloon in the aortic orifice and in all divisions of the 
aorta, R^., were both increased m height It is felt that this was 
probably because the right and left ventricles were distended almost 
simultaneously, owing to rapid congestion m the pulmonary circulation 

A satisfactory picture of left axis deviation was not produced with 
the balloon in the left ventricle, probably because of marked interference 
with the coronary cn dilation However, it is felt that evidence of 
a tendency to left axis deviation was produced, and that it was due 
to the reasons already given In these experiments on the left ventricle 
the factor of partial asphyxia may he more pronounced 

Clinical observation of shifting of the electrical axis m phasic 
variation uni elated to the lespiratory late is not uncommon Wc have 
observed such shifting with Q R S, varying from entirely upright 
to completely inverted In this connection v/e wish to repoit that in 
most of the seventy-thi ee dogs observed in these experiments, a similar 
hut less maiked shifting of the electrical axis was seen in all leads, 
and more frequently after the heart had been weakened by the experi- 
mental piocedure It was observed often during marked tachycardia 
It should he said that we have seen many clinical electi ocardiograms 
with tachycardia which do not show this shifting We have seen it 
most often in hearts with some degree of myocardial damage It 
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seems that this shifting could be due to the flux of blood resulting 
from an imbalance of blood pressure and blood volume between the 
two ventricles causing gradual waxing and waning of the power of 
contraction of the separate ventricles, which might be due to cor- 
responding variations of distention of the separate ventricles 

The theory involved in these experiments is common knowledge 
of long standing Heidenham and Hermg ® explained the production 
of extrasystoles as being due to dilation of the ventricles following 
ligation of the abdominal aorta Vaquez ’’’ definitely stated that he 
believes some extrasystoles are produced by “stretching” of the heart 
causing increased excitability The value of these experiments lies 
m the fact that each one of three chambei s of the heart can be stretched 
separately This permits analysis of the results without the difficulty 
of interpreting the complicating influence of both sides of the heart 
being influenced almost simultaneously, as occurs on ligation of the 
aorta We observed many extrasystoles on introduction of the balloon 
into the heart and when the pressure was being raised Few were 
noticed while the pressure was maintained at a constant level, or when 
It was lowered 

Clinical application of the mechanism presented herewith for 
increasing the excitability of the heart as a whole or in part is made 
to some extrasystoles It can readily be conceived that a heart damaged 
by local anemia would be weakened in that region Similarly, a heart, 
while equally injured throughout by toxic substances, might be con- 
ceived to have the effect of this injury produce more damage in certain 
areas than m others, owing to local causes such as a thinner heart 
wall, e g , at the apex and between the trabeculae carneae in the 
ventricles and between the muscle bands in the auricles Such weakened 
areas would probably be stretched more than the rest of the heart 
during the stress and strain of its activity, with the possible resultant 
increased excitability of such areas Such a view seems to be compatible 
with Mines’ theory ® of reentrant waves as a cause for some extrasys- 
toles If such an application to extrasystoles should prove to be of 
value m determining their cause, of course the application would extend 
especially to related arrhythmias It should be unnecessary to state 
that caution, more experience and much deliberation will be required 
for a true evaluation of these expenments as giving evidence of the 
influence of cardiodynamics on the activity of the heart 

6 Heidenham and Hermg, quoted by Vaquez, H Diseases of the Heart, 
Philadelphia, W B Saunders Company, 1924, p 489 

7 Vaquez, Henri Diseases of the Heart, Philadelphia, W B Saunders 
Company, 1924, p 489 

8 Mines, G R Dynamic Equilibrium m the Heart, J Physiol 46 349, 1913 
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SUMMARY 

Factois operating in these expeinnents to produce electrocai 
diogiapliic evidence of left or light axis deviation may be 

1 Sti etching of the muscle cells of the individual ventricles pro- 
duced diiectly by the balloon or distention with blood ma^ cause 
inci eased peimeability of the cell membianes, theieby increasing the 
excitability of that individual ventricle with coriesponding electro- 
cardiographic evidence of axis deviation 

2 The loweied lesistance produced in this mannei between the 
individual cells may account foi a small part of the axis deviation 

3 Partial asphyxia may cause an iiici eased peimeability of the cell 
membranes or may change the (Character or concenti ation of the electro- 
lytes contained within the cells making them more diffusible 

4 The rate of piopagation of the action cuirent may be increased 

5 Theie may be a change in the dnection of the action current 
associated with a change m the dnection of the nerve fibers caused 
by distention with the balloon 

6 Theie may be a change in the lelative volume oi mass latio 
between the left and the light veiitiicles 

7 Factois of cleci eased as well as inci eased excitability may be 
pi esent 

8 These factois in pait or all may opeiate togethei 

It is felt that some of these factois might give a more comprehensive 
idea of the influence of cai diodynamics on the activity of the heart 

CONCLUSIONS 

1 Electi ocai diogi aphic evidence of light and left axis deviation was 
produced in the intact dog under ether anesthesia b)^ distention of tbe 
respective ventricles 

2 Acute dilation of the light ventricle was produced in the intact 
dog with coi 1 esponding right axis deviation 

3 Possible factois foi the production of axis deviation and vaiious 
arrhythmias of the heart are suggested 

4 The possible importance of these and similarly acting factors as 
a mechanism for clinical changes of the electrocardiogiam is discussed 
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Bodily Changes in Pain, Hunger, Fear and Rage By Walter B Cannon 
Second edition Price, ^3 New York D Appleton & Company, 1929 

In this second edition the author presents in the first eleven chapters an 
entirely logical sequence of the researches of many years on the autonomic system, 
the nervous control of the suprarenals and the sympathicomimetic function of 
“adrenin,” including the external manifestations in the hair, pupils, etc , the 
increased blood sugar, the increased muscular blood flow, decreased peristalsis, 
increased cardiac action, restorative effects on muscular fatigue, increased coagu- 
lability of blood and increased number of red cells In all of the conditions 
mentioned a close parallelism is shown between the changes occurring during 
pain, fear, rage and other violent emotions and the similar changes produced by 
“adrenin” therefore, proving, apparently, that “adrenin” is the producer of such 
changes normally during emotional excitement 

Beginning with the twelfth chapter the author distinguishes clearly between 
the facts as they are, and they do seem incontrovertible, and the interpretation 
of the data To Cannon there is a definite utility of the body changes occurring 
m pain and great emotion He is willing to admit, however, that this is a matter 
of opinion and offers to w’elcome a more reasonable theory when it appears To 
psychologists the last few chapters on the energizing effects of emotional excite- 
ment and the denial of the evidence and interpretation on which the James-Lange 
theory of the emotions is based will furnish extremely stimulating reading Hunger 
and thirst are discussed in an interesting fashion although here again there is 
room for difference of opinion Cannon’s theory of thirst reminds one somewhat 
of a much more elementary conception expressed by Francis Beaumont 

The intelligent layman and others who may believe m the eventual disappear- 
ance of war will find considerable pleasure m the last chapter, which deals with 
the substitution of international athletic competitions for the more destructive means 
of settling international disputes 

It IS to be regretted that the book was published before the complete details 
on the sympathectomized animals produced by the author were available, as these 
animals show a definite abilit}" to carry on the ordinarj' activities of a peaceful 
life but are completely inferior in respect to sudden readjustments required by 
the emergencies of life The book is definitel} a classic on the subject 

The Clinical Aspects oi Venous Pressure By J A E Eyster Price, 
$2 50 New York The Macmillan Company, 1929 

c 

This book contains an excellent and clear discussion of the physiology of 
cardiac function and its relationship to arterial and venous pressure The method 
of measuring venous pressure as devised bj' Hooker and Eyster and later modified 
by Eyster is given in full detail The relationship of increased venous pressure 
to the various signs and symptoms of cardiac failure is adequately demonstrated, 
and it IS pointed out that single readings mean little while the course of the 
venous pressure curve has much more significance The author franky admits 
that the usefulness of venous pressure estimation is limited to the narrow field of 
cardiac failure since a high venous pressure is found in practically no other general 
conditions There is, however, no definite evidence that in the ordinary ambulatory 
case with fairly good cardiac reserve, a venous pressure determination would tell 
one more as to prognosis in regard to eventual failure than the ordinary careful 
history and examination of the patient It is erroneous to draw conclusions 
from the cutaneous capillary pressures to those existing in the glomeruli, as does 
the author 
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The bibliography is complete except for failure to mention the changes occur- 
ring in the venous pressure in pregnancy On the whole tins small \olumc will 
prove useful to physiologists and clinicians interested in the subject 

Tun Medical Department or the United States A.rm\ in thi World 
War Volume X Neuropsvciiiatry Price, ?2 25 Washington, D C 
United States Government Printing Office, 1929 

Attention is called m the preface to the unusual opportunity offered to study 
statistically a large number of iieuropsychiatric disorders with a uniform method 
of recording It gives one a fairly accurate estimate of the percentage of nervous 
and mental disability present in the male population liable for military service, 
and also the types of nervous disorders which develop as a result of war activity 
Attention is called to the large number of persons who in civil life passed as 
practically normal and who were actually suffering from a severe psychoneurosis 
which rendered them unfit for military duty By far the most frequent cause for 
discharge was dementia praecox, mental deficiency second and epilepsy third 
None of this group developed as a result of the war The most important func- 
tional neurosis was “shell shock ” The author states that there is still a controversy 
as to whether the cause of shell shock was mainly physical or mental All, 
however, agree that the constitutional make-up of the person was a decided 
contributing factor 

A great deal of time and thought has been expended in the preparation of this 
volume and the results are most pleasing 

Nephritis Its Problems and Treatment By T I Bennett London 
Oxford Medical Publications 

This volume contains a critical survey of nephritis and deals concisely with 
its clinical features and treatment The author emphasizes the inadequacy of present 
forms of classification, but suggests that renal lesions of the type under discussion 
may occur as nephrosis, glomerulonephritis and arteriosclerosis with renal mani- 
festations He leans toward the conception that nephrosis is a part of a general 
metabolic disturbance in which the kidney shows only one phase Infection is 
considered the most probable cause of glomerulonephritis The author considers 
that arteriosclerosis with renal manifestations can best be explained by assuming 
that the arteriolar involvement antedates the renal changes, and that the nephritis 
IS either a result of the vascular change, or due to the same cause which produces 
an abnormal condition of the arterioles 

Brief discussion of the more important symptoms is offered The similarity 
between uremia and tetany is pointed out, particularly the low calcium content 
in the blood Edema is considered as due to the causes of renal disease rather 
than to the nephritis 

Treatment for the various forms of renal disease is discussed, and lists of 
diets are appended 

Tobacco and Physical ErriciENCY By Pierre Schrumpf-Pierron, MD, 
Professor of Clinical Medicine, University of Cairo Published under the 
Auspices of the Committee to Study the Tobacco Problem Cloth Price, 
$1 85 Pp 134 New York Paul B Hoeber, Inc , 1927 

This monograph is the "first really complete compendium of the vast amount 
of literature of various countries concerning the effects of tobacco on the human 
system ” As is the case with alcohol, the study of the effects of the use of tobacco 
IS still incomplete It has been difficult to obtain scientificall> precise knowledge 
of the effect of tobacco on its users because of great variations in individual 
susceptibility, the forms of use as well as difference in grades and quality used 
and particularly the lack of data available as to the influence of tobacco as 
ordinarily used among large groups of people as compared with a similar group 
of abstainers Well controlled clinical and laboratorv studies are needed 
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Therefore, no conclusions are drawn Each chapter presents a fair, sane expo- 
sition of existing knowledge and opinion An extensive bibliography of seventj-six 
pages IS appended 

Principles of Medical Treataient By George Cheever Shattuck, MD, 
A M , Harvard Medical School Sixth edition, revised and enlarged Cloth 
Price, $3 50 Pp 256 Cambridge, Mass Harvard University Press, 1927 

This edition has been greatlj enlarged, both by the revision and expansion of 
material given in the earlier editions and by the addition of several new chapters 
on asthma, syphilis, lead poisoning, anemia, endocrine disorders, preoperative and 
postoperatiA'e medical treatment and vaccine therapy 

The principles of treatment are briefly elucidated and are based largely on 
accepted scientific knowledge Many useful tables and diets are included and the 
chapter on medication deserves particular commendation, m that it is devoted 
to the intelligent use of relatively few drugs, vaccines, gland extracts, serums, etc 

The book should prove particularly valuable to the practitioner Avhen time 
IS available for quick reference only 

Origin of Malignant Tumors By THEOD9R Boveri Translated by Marcella 
Boveri Price, $2 50 Baltimore Williams & Wilkins Company, 1929 

Another theor}-^ for the development of malignant tumors is added to the long 
list The author’s work on mitoses in eggs of sea urchins serves as the basis 
for his belief that tumors arise from a single primordial cell, and that their 
characteristics as neoplastic cells are due to a “wrongly combined chromosome 
complex ’’ This abnormality in distribution of chromosomes is the result of multi- 
polar mitosis brought about by a variety of conditions Little is said concerning 
what these conditions are Admitting the author’s theory we are thus still without 
knowing the cause of malignant tumors, the theory propounded being, m the last 
analysis, concerned only with the mechanism of neoplastic development once this 
has begun 

The volume is primarily of interest to the cytophysiologist The style makes it 
difficult reading for others This treatise, however, should serve to stimulate 
further interest in the study of the individual neoplastic cells Man}-- questions 
for investigation along these lines are suggested 

The Medical Department of the United States Army in the World 
War Volume XII Pathology of the Acute Respiratory Diseases 
AND OF Gas Gangrene Price, $3 60 Washington, D C United States 
Government Printing Office, 1929 

The first 405 pages are given over to the discussion of respiratory infections, 
the remaining 170 pages to gas gangrene 

The pathology is discussed in detail, and this A'olume will serve as an accurate 
source of information for future generations The volume is profusely illustrated 
with both black and white and colored plates of gross and microscopic specimens 


CORRECTION 

The date of submission of the article by Dr Benjamin I Ashe, entitled, “The 
Hemoglobin Percentage and the Red Blood Cell Count m Bright’s Disease, 
Myocardial Insufficiency and Hypertension,” was incorrectly given in the October 
issue (44 506 1929) It should read FebruarA% 1929, instead of June IS, 1929 
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